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The pathologic aspects of the acute pneumonitis and chronic pul- 
monary granulomatosis of beryllium workers have been discussed 
briefly in several publications.** There has been no previous attempt 
to describe the changes in the tissues of groups of cases representing 
both acute pneumonitis and granulomatosis. This report has been 
compiled following a study of tissues from the bodies of 7 persons who 
died of acute pneumonitis and of 13 persons who died of chronic 
granulomatosis. 


BERYLLIUM AS A PATHOGENIC AGENT 


There is evidence that beryllium is not an innocuous substance 
when in contact with living tissues. This has been recognized in 
beryllium-using industries for several years, in which it was observed 
that the accidental introduction of beryllium compounds beneath the 
skin resulted in chronic ulcers which persisted until the tissues con- 
taining the metal were excised or until the foreign material was elim- 
inated. Local tissues from 3 cases in which beryllium phosphors ¢ had 
been accidentally introduced beneath the skin were examined in this 
laboratory. The similarity of the lesions in these subcutaneous sites 
to each other, and to the granulomas which were found in the lungs 
of persons who died of beryllium granulomatosis, was so marked as to 
provide fortuitous but highly advantageous evidence of the patho- 
genicity of beryllium. 

Further evidence that beryllium in the tissues stimulates an inflam- 
matory response has been presented by surgeons who have experi- 
mented with metals in repairing bone defects.> It was found that an 

* Acknowledgment is made for financial aid from the Sylvania Corporation for the 
work reported herein. 
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+ Beryllium phosphors are powders which contain from 4 to 12 per cent beryllium, 
expressed as beryllium oxide. 
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alloy containing nickel, cobalt, chromium, and molybdenum produced 
no tissue reaction, but that the addition of 1.6 per cent of beryllium 
to the alloy caused the formation of “chronically inflamed granulation 
tissue containing many macrophages.” It was also reported that there 
was extensive fibrosis with marked lymphocytic infiltration. 


BERYLLIUM PNEUMONITIS AND BERYLLIUM PNEUMONOCONIOSIS 


The clinical aspects of the pulmonary disease peculiar to beryllium 
workers have caused it to be classified into two mutually exclusive 
conditions—acute pneumonitis and chronic pulmonary fibrosis—with 
little clinical evidence of a direct relationship between the two condi- 
tions. Acute pneumonitis has been marked by a sudden onset, with 
cough, chest pain, dyspnea, cyanosis, diminished vital capacity, and 
loss of weight. The illness lasts from 5 weeks to 4 months and the 
mortality rate is about 1 per cent. Pulmonary fibrosis (delayed pneu- 
monitis,? chronic pulmonary granulomatosis®) has had an insidious 
onset during which there is increasing weight loss and weakness, cough, 
and dyspnea. Some of the patients with chronic granulomatosis are 
alive and working 5 years after the diagnosis was made. About 10 
per cent of al! patients diagnosed have died. From the standpoint of 
morbid anatomy this differentiation into acute and chronic diseases is 
not clear-cut, and all stages of transition have been seen between the 
conditions designated as acute pneumonitis and as chronic granu- 
lomatosis.* 

Furthermore, the designation “acute pneumonitis” is inadequate 
from the pathologic standpoint in some cases which fit clinically into 
this category, because organization of exudate, which is not ordinarily 
considered as part of a strictly acute reaction, has been noted in 6 
of the 7 cases of acute pneumonitis from which I have had tissues. 
Similarly, the designation “ chronic granulomatosis” is likewise inade- 
quate, because it neglects other important pathologic aspects of the 
clinically chronic disease. Emphysema and diffuse fibrosis are presum- 
ably much more important, from the standpoint of the well-being and 
pulmonary function of the patient, than are the granulomas. 

The development of granulomas has been studied through a number 
of the transitions in the lungs of various patients. The earliest phase 


* After this paper was submitted, it was brought to my attention that at the Greater 
New York Safety Conference, April 13-16, 1948, Dr. Willard Machle stated that “the 
differentiation between acute, subacute, and chronic disease from beryllium is purely 
arbitrary. Our own experience indicates that all gradations in rate of onset, severity, 
and resolution on a time base may be seen.” The differences, Dr. Machle pointed out, 
are probably related to the solubility of the compounds to which the patients were 
exposed. 
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of a recognizable granuloma has been seen in a patient who died of 
acute beryllium pneumonitis. The well developed granulomas have all 
been confined to patients who died of chronic granulomatosis. 

Tissues from 10 patients who died of beryllium pneumonitis or 
granulomatosis have been analyzed for beryllium by the method of 
Cholak and Hubbard.’ 

Table I is presented as a guide to the cases which form the basis of 
this report upon the pathologic aspects of pulmonary disease of beryl- 
lium workers. The results of analyses of the lung tissues are included 
GROSS MORPHOLOGIC FINDINGS 

I have made gross examinations of tissues from 5 persons who died 
of acute pneumonitis of beryllium workers. In these cases the basic 
pulmonary lesions have been similar. The lungs have been heavy, the 
combined weight of both lungs being more than 2,000 gm. in 2 of the 
5 cases. The lungs had lost their usual elasticity, so that when the chest 
cavities were opened they retained their expanded shapes. The cut 
surfaces were fairly homogeneous, and ranged from pinkish gray to 
bluish gray. Moderate quantities of thin fluid could be expressed. 
There was little fluid in the bronchi and bronchioles, and no pus was 
seen. In each case there was moderate enlargement of the broncho- 
pulmonary and peritracheal lymph nodes, and these were soft and 
fleshy. In one case there was a partially organized infarct in the 
lower lobe of the right lung, with a thrombus in an artery at the apex 
of the infarct. In another case the heart was somewhat flabby and 
slightly dilated. In all cases of acute pneumonitis, there were hyperemia 
and parenchymatous degeneration of the viscera. 

In the cases of chronic beryllium granulomatosis, also, the lungs 
have been heavy, usually ranging between 1,500 and 2,000 gm. In 
one case they weighed 2,400 gm. Although the lungs had lost their 
elasticity and remained in the expanded position, they did not have 
the homogeneous character of the lungs in cases of acute pneumonitis. 
In chronic granulomatosis the lungs contained many small, firm nod- 
ules, ranging up to 2 mm. in diameter. Emphysema was present in- 
variably, and in most cases the nodules and enlarged air spaces were 
scattered diffusely throughout the lung. In a few cases the emphysem- 
atous areas were limited to focal regions up to 5 or 6 cm. in diameter, 
which alternated with masses of dense tissue of similar or larger size. 
Some lungs had a generalized honeycombed appearance due to emphy- 
sema, and occasionally there were subpleural emphysematous blebs. In 
one case a small hemorrhagic infarct was seen in the lower lobe of the 
right lung. There were focal fibrous adhesions between the visceral 
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and parietal pleurae in 5 cases. The peribronchial and peritracheal 
lymph nodes were moderately firm and enlarged in nearly all cases. 

In every case of chronic beryllium granulomatosis there was thick- 
ening of the wall of the right ventricle of the heart, with dilatation of 
this chamber. In most cases this was slight but in some it was marked 
and a true cor pulmonale was present. In addition, there were evi- 
dences of chronic passive hyperemia of the abdominal viscera in these 
cases. There were no renal calculi in the cases reported here, but it is 
probably significant that such calculi from 2 persons with chronic 
granulomatosis have been analyzed at the Kettering Laboratory and 
were found to contain beryllium. 


HISTOPATHOLOGIC FINDINGS 
Lungs 


The lungs in the 7 cases of acute pneumonitis of beryllium workers 
were characterized by inflammatory exudate and the early formation 
of new connective tissue. 

In the earliest phase of the disease, the exudate was comprised of 
fluid and cells. In some regions, the fluid was seen as homogeneous 
eosinophilic material, but in other places considerable quantities of 
fibrin were present also. This fluid filled the lumina of some alveoli, 
while other alveoli contained relatively small amounts of it. Large 
mononuclear cells were predominant in the exudate in all acute cases, 
and among them were scattered lymphocytes and plasma cells in mod- 
erate numbers (Fig. 1). These cells, together with a few polymorpho- 
nuclear leukocytes and occasional erythrocytes, comprised the only 
formed elements within the alveolar lumina. The large mononuclear 
cells had pale reticulated nuclei and pink, finely granular cytoplasm. 
Many of them had fine granules or fragments of disintegrating cells 
in their cytoplasm. In the cases of shorter duration, only a few of 
these cells were vacuolated, but in cases with a duration of 21 days 
or more, large numbers of the mononuclear cells contained clear 
vacuoles, so that the cytoplasm appeared foamy. These vacuoles con- 
tained lipid material which stained bright orange with sudan IV. The 
cells lining the alveoli were swollen and some contained mitotic fig- 
ures. Transition of the lining (septal) cells to free mononuclear 
clasmatocytes was well represented in all cases of acute pneumonitis. 

There were only rare polymorphonuclear leukocytes in the exudate 
in 6 of the 7 cases of acute pneumonitis. In one case there was a recent 
pulmonary infarct in which polymorphonuclear leukocytes and erythro- 
cytes were numerous; elsewhere the exudate in this case was like that 
of the other 6 cases. 

In the lumina of some alveoli, there were masses of degenerating 
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large mononuclear cells. The cells lining these alveoli were invariably 
enlarged, and in various stages of desquamation. Often there was 
coalescence of cytoplasm of the desquamated cells to form giant cells 
around degenerating and necrotic débris. In later stages of this proc- 
ess, there was proliferation of fibroblasts within adjacent alveolar 
walls, with organization of the periphery of the mass and formation of 
a granuloma within the lumen of the alveolus (Fig. 3). Silver impreg- 
nation revealed early formation of reticulum in the peripheral portions 
of these masses, with centripetal strands extending toward the centers. 

The central débris of the nodules assumed a brightly eosinophilic, 
homogeneous appearance, characteristic of the ill defined substance or 
substances called fibrinoid. This fibrinoid substance was stained bright 
pink in phloxine and methylene blue preparations, green in Masson’s 
trichrome, yellow in van Gieson’s, and did not impregnate with silver. 
The granular débris from which it seemed to be condensed stained 
blue with phloxine and methylene blue, and green with Masson’s tri- 
chrome method. 

Although the amount of fibrinoid material was small in the majority 
of cases of acute pneumonitis, it was found in 6 of the 7 cases. In one 
case it was abundant, and was usually found in regions where clasmato- 
cytes were numerous. It lay free in the alveolar spaces, and usually 
had a serpentine appearance, although occasionally it formed irregu- 
lar strands or globules. Often it was partly or completely surrounded 
by large clasmatocytes which sometimes were fused to form multi- 
nucleated giant cells. Where fibroblasts and lymphocytes formed 
nodules in the walls of septa, masses of fibrinoid substance were often 
found associated with them (Fig. 4). 

The origin of this fibrinoid material is not known, but in one case 
there was a suggestion of transitional stages from degenerating large 
mononuclear cells, through slightly eosinophilic granular débris, to 
increasing condensation, homogeneity, and eosinophilia, and, finally, 
to the fully homogeneous and markedly eosinophilic mature hyalin. 

Hyaline membranes lining occasional alveoli and respiratory bron- 
chioles were found in 2 cases of acute pneumonitis. They were affected 
by stains in the same way as the fibrinoid material, and presumably 
represented a vagary of distribution of that substance. 

In ali cases there was infiltration of the interstitial tissues of the 
septal walls by lymphocytes and plasma cells. These were relatively 
few in cases of shorter duration, and were numerous in the lungs of 
those who survived longer, in which they occasionally were grouped 
with fibroblasts and reticulum into nodules. Similar cells were present 
in corresponding numbers in the peritruncal connective tissue. 

Fibrosis occurred fairly early in acute pneumonitis. This was mani- 
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fested by early appearance of reticulum in the intra-alveolar exudate 
and the growth of fibroblasts into that exudate (Fig. 6). Diffuse pro- 
liferation of fibroblasts within the walls of the septa was seen also, and 
in 3 of the 7 cases of acute pneumonitis there was actual formation of 
nodules here and there within the septa. These nodules consisted of 
fibroblasts, lymphocytes, and plasma cells, with eosinophilic granular 
débris or fibrinoid masses at their centers. In one case in which the 
duration of the disease was 14 days, well defined granulomas were 
fairly numerous, both within the alveolar lumina and within their walls. 

The bronchi in the cases of acute pneumonitis had intact epithelial 
surfaces, and their walls were invaded by a few lymphocytes and 
plasma cells. The respiratory bronchioles of most cases showed infil- 
tration of their walls by large numbers of lymphocytes and desquama- 
tion of their cuboidal lining cells. 

It appeared that the pulmonary lesions in the 13 cases of chronic 
granulomatosis of beryllium workers were closely related to those in 
acute pneumonitis. In fact, from the morphologic standpoint, the 
cases of chronic granulomatosis represented a further development 
of the acute pneumonitis. Cellular exudate, so prominent in acute 
pneumonitis, was also a part of granulomatosis. Unlike the situation in 
acute pneumonitis, however, intraseptal lymphocytes and plasma cells 
were much more numerous than were cells free in the alveolar spaces. 
There were large mononuclear cells within the alveoli in all of the 
chronic cases, the numbers varying greatly from case to case and in 
different portions of the lungs in a given case. Polymorphonuclear 
leukocytes were virtually absent from the lungs, except in one case.* 
In addition, the lungs of the patients with granulomatosis also had 
numerous giant cells which are described in detail below. 

Extensive regions of emphysema were present in all cases, with 
attenuation of septal walls and enlargement of air spaces. The capil- 
laries of the septa in the emphysematous regions were narrowed, so 
that this condition, together with fibrosis and granulomas in other 
septa and in the peritruncal tissues, tended to impede the pulmonary 
circulation. 

There was marked fibrosis of the lung in all instances of chronic 
granulomatosis. This fibrosis was distributed in the septa, in the 
granulomas, and in the perivascular and peribronchial regions. The 
collagen was relatively dense, and only moderate numbers of fibro- 
blasts were visible. There was an increase in the diameter of the 


* One patient with granulomatosis, who died with superimposed acute pneumonia, 
had many polymorphonuclear leukocytes in his lungs. 
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capillaries of most septa, so that the enlargement of the septa resulted 
from both dilatation of the vascular channels and proliferation of 
connective tissue. 

The granulomas appeared to be characteristic of the pulmonary 
granulomatosis of beryllium workers. In the cases of long-standing 
chronic disease, they were confined to the enlarged septal walls or 
to the peritruncal connective tissues. In all cases, there were regions 
in the lungs where overgrowth of fibrous tissue effaced the normal 
pulmonary structure, forming fibrous zones which were at least par- 
tially comprised of old granulomas. Doubtless, they also received 
contributions from the newly formed collagen of the alveolar walls 
and peritruncal zones. Within these fibrous areas, granulomas were 
often close together, and occasionally two were found to be contiguous 
and merging (Fig. 8). 

The granulomas consisted of a peripheral zone of loose fibrous 
tissue which surrounded a central region comprised of necrotic, granu- 
lar, eosinophilic débris, of fibrinoid material, or of a Langhans’ giant 
cell. The central regions and the fibrous zones were usually infiltrated 
with lymphocytes, and moderate numbers of large mononuclear cells 
often were found in the fibrous zone. These cells were fibroblasts, 
and they had oval, reticulated nuclei. They were arranged with their 
long axes circumferential. Cells of epithelioid type, so prominent in 
Boeck’s sarcoid, were relatively infrequent. Within some granulomas, 
there were peculiar basophilic structures which were identified as the 
conchoidal bodies often found in lesions of Boeck’s sarcoid (Fig. 9). 
Many of the granulomas had centers which contained none of the 
aforementioned materials, but were comprised of slightly eosinophilic, 
relatively acellular, fibrous tissue. Silver impregnation of granulomas 
of this type revealed that the argentophilic material had a radial ar- 
rangement, suggesting an ingrowth of reticulum toward the center from 
the outer zones. 

The giant cells sometimes were found in the centers of the granu- 
lomas, but often they were among the peripheral fibroblasts. Fre- 
quently, several were scattered about within one granuloma. These 
cells were quite like Langhans’ giant cells, differing from the foreign 
body giant cells of acute pneumonitis. The nuclei of these Langhans’ 
cells were mostly reticular, but many were pyknotic. Sometimes the 
nuclei were polar, sometimes circumferential, and occasionally they 
were scattered without pattern in a local area in the cell. The number 
of nuclei in cross sections of giant cells varied from 4 to more than 30. 
Many of these cells were in various stages of degeneration. Most had 
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brightly eosinophilic, slightly granular cytoplasm, but many had foamy 
or vacuolated centers. In 2 cases, there were rare asteroid inclusion 
bodies similar to those described by Wolbach.® 

Associated with the granulomas, sometimes enclosed in the cyto- 
plasm of a Langhans’ giant cell, were the conchoidal bodies to which 
reference has been made above. They varied from 20 to more than 
100 p in greatest diameter, and were usually roughly ovoid. Those 
within giant cells sometimes were so large that only a thin rim of cyto- 
plasm and nuclei surrounded them. Those which were not in giant 
cells were invariably lying either within fibrous tissue or granular 
eosinophilic débris, and they had the appearance of having outgrown 
an enveloping giant cell. This has been seen by Schaumann,’ who 
described the larger ones as lying in débris of giant cells which had 
“burst.” In some cases these bodies were so numerous that nearly 
every low-power microscopic field had at least one in it. In other cases 
a few were found only after extensive search. These bodies were 
seen in 11 of the 13 cases of chronic granulomatosis. The conchoidal 
bodies are believed to be identical with those of Boeck’s sarcoid. They 
were blue to black in hematoxylin and eosin preparations, red in van 
Gieson’s preparations, and gave a strongly positive reaction for iron. 
They were not impregnated with silver salts by Laidlaw’s method. 
Their origin is unknown, and, as pointed out by Schaumann, has been 
the subject of considerable controversy. 

The final stage of the granuloma was seen in sections from 5 cases. 
This was a single nodule, or a coalescence of several nodules, which 
had become completely fibrotic (Figs. 10 to 13). Superficially, these 
rcsembled the nodules of silicosis, but instead of the tissue being more 
or less regularly whorled, the strands tended to take a circumferential 
direction. These fibrous nodules showed relatively little hyalinization, 
as compared to silicosis, and the individual fibrils were fairly well 
distinguished. Finally, silver impregnation in these cases failed to 
reveal central, deeply argentophilic material of the type described by 
Belt.?° 

Microscopic examinations of tissues from persons who died of 
granulomatosis, utilizing ultraviolet illumination, have revealed fluo- 
rescent granules in the lungs of some cases. These studies will form 
the basis of a subsequent report. The lungs of all cases were examined 
for acid-fast organisms, and none were fow nd. 

Alterations of the pulmonary blood vessels included perivascular 
fibrosis and nodules encroaching on the adventitia in all cases. In one 
case there were also numerous thrombi in the smaller tributaries of the 
pulmonary veins, and these showed advanced organization. The intimal 


BERYLLIUM PNEUMONITIS 1147 


tunics of the larger arteries were thickened in all cases by the presence 
of large foam cells of the type common in atherosclerosis. This was 
due presumably to hypertension of the lesser circulation as a result 
of the narrowing of the capillary beds. 


Bronchopulmonary and Mediastinal Lymph Nodes 


The bronchopulmonary and mediastinal lymph nodes in cases of 
acute pneumonitis were hyperemic, and their sinusoids were filled or 
partially filled by large mononuclear cells. These cells resembled 
those which comprised most of the pulmonary exudate. They were 
actively phagocytic, as evidenced by the fact that the cytoplasm of 
many enveloped débris of disintegrated cells, whole lymphocytes, or 
partially disintegrated erythrocytes. The majority of these cells had 
foamy cytoplasm. The follicles showed relatively little change in most 
instances, but in one case their centers were in various stages of 
degeneration. These changes ranged from disappearance of single 
cells or pyknosis of nuclei to complete necrosis of the central regions 
with conversion of the centers to eosinophilic granular débris. The 
lymph nodes of 2 patients had small hyalinized masses of connective 
tissue, which were relatively acellular and presumably represented old, 
healed, tuberculous lesions. 

The bronchopulmonary and mediastinal lymph nodes in chronic 
granulomatosis showed changes which reflected those in the lungs. 
These were fibrosis, granulomas, and giant cells. In those cases in which 
conchoidal bodies were present in the lungs, they were found also in 
the lymph nodes. In the nodes of several patients there were masses 
of connective tissue which resembled healed tubercles. 


Lesions in Other Viscera 


The other viscera in the group representative of acute pneumonitis 
were normal, with one exception. The latter individual had marked 
centrolobular necrosis of the liver, which was so extensive in most 
areas that the middle zones also were necrotic. The necrotic regions 
retained the general architectural arrangement of the liver, the paren- 
chymal cells having been converted to granular eosinophilic ghosts. 
There were numerous leukocytes of the polymorphonuclear type in- 
filtrating many of the necrotic regions, while other lobules with necrotic 
centers had no infiltrating cells (Fig. 15). In the same patient there 
were several focal areas of coagulation necrosis in the vertebral bone 
marrow. The other organs were normal. 

The only lesions outside of the respiratory tract and its lymph 
nodes, resembling the lesions of chronic granulomatosis, were found in 
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the liver of one patient. These consisted of granulomas within the 
lobules, consisting of masses of fibrinoid material or of loose connective 
tissue in which were numerous lymphocytes and plasma cells. Occa- 
sional granulomas contained Langhans’ giant cells near their centers. 
There was considerable fibrosis throughout this liver. In some places 
the connective tissue formed strands which gave the liver the appear- 
ance of a cirrhosis of peculiar type. There were polymorphonuclear 
leukocytes in moderate numbers, as well as lymphocytes and plasma 
cells, scattered throughout the strands of connective tissue. In one 
other patient, still alive, a biopsy of the liver revealed similar granu- 
lomas, and specimens taken for biopsy of cervical and axillary lymph 
nodes in several other cases have contained granulomas. In every fatal 
case, there was thickening of the myocardium of the right ventricle 
with hypertrophy of the muscle fibers. The livers and other viscera in 
these cases showed evidences of chronic passive hyperemia. 


THE So-CALLED NEIGHBORHOOD CASES 


In the vicinity of industrial plants which are extracting or utilizing 
beryllium, physicians have become conscious of the hazard to health 
from fumes or dusts which contain this metal. Pulmonary fibrosis 
occurring in persons living near a beryllium-handling plant has raised 
the question of the possibility that beryllium was the cause of the 
fibrosis. Some such cases have already been shown not to be related 
to beryllium. Tissues from 2 bodies, concerning which the only 
exposures had been residence in the neighborhood of a beryllium- 
reduction plant, were submitted to the Kettering Laboratory for study 
and analysis. The pulmonary lesions were found to be those of beryl- 
lium granulomatosis. In one of these cases an attempt to isolate 
beryllium from the lungs failed, while in the other case it was possible 
to isolate 0.93 wg. of beryllium per 100 gm. of lung tissue. 


DISCUSSION 


There is considerable evidence that the conditions described are 
the result of the inhalation of fumes or dusts which contain beryllium. 
The fact that compounds of beryllium are capable, in themselves, of 
producing inflammation and fibrosis has been demonstrated by work 
at the Saranac Laboratory,** as well as by experiments being con- 
ducted at the Kettering Laboratory. Lesions identical with those in the 
lungs of man have not been reproduced in experimental animals, but 
fibrosis and granulomas which closely resemble human lesions have 
resulted in the lungs of animals after exposures to beryllium dusts.® 
The constant recovery of beryllium from the tissues of persons who 
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have died with either acute pneumonitis or chronic granulomatosis 
further attests the relationship of this metal to the pulmonary condi- 
tions. Its relationship to the specific granulomas is apparent in the 
cases of cutaneous and subcutaneous granulomas which resulted from 
accidental introduction of phosphors into these tissues. 

Since the position of beryllium on the periodic chart of the elements 
is among metals which are not regarded as disease-producing, beryl- 
lium has been suspected of having unique properties to account for its 
pathogenicity. A number of physicians who are acquainted with the 
beryllium problem have speculated on the possibility that radioactivity 
might account for some or all of its harmfulness. I am not sympathetic 
with this suggestion since repeated examinations of products from 
which pathogenic fumes and dusts have been derived have yielded no 
evidences of radioactivity. 

The lesions of acute pneumonitis of beryllium workers are not spe- 
cific for that condition in their earlier phases. The pulmonary edema 
and mononuclear exudate are similar to the lesions produced by the 
inhalation of cadmium fumes," and manganese fumes seem to have 
caused an analogous condition in the lungs of experimental animals.” 
Kneeland and Smetana ** have described the lungs in a fatal case of 
atypical pneumonia, wherein they stated that large mononuclear cells 
formed the most prominent part of the exudate. Furthermore, there 
was a marked tendency to proliferation of fibroblasts and laying down 
of collagen in the alveolar walls and in the perivascular regions. The 
lesions of the lungs in Q fever ** are also similar to those of the early 
phases of acute beryllium pneumonitis. In Q fever, the alveoli contain 
large clasmatocytes and there is infiltration of the alveolar walls by 
lymphocytes and plasma cells. Acute beryllium pneumonitis can be 
differentiated from pneumonia due to Friedlander’s bacillus, with its 
exudate of large mononuclear cells, by bacteriologic methods; in the 
latter, the organisms can be cultured from the lungs, and they are 
also readily stained in tissue sections. On the other hand, the history 
of exposure to beryllium and the recovery of this metal from the urine 
before death or from the lungs removed at autopsy serve to differen- 
tiate beryllium pneumonitis from all other conditions. 

With the beginning of the development of granulomas, as early as 
2 weeks after the onset of acute pneumonitis, the character of the 
lesions comes to differ from that of any other pathologic process. 
Transitional stages, from the nodules in acute pneumonitis to well 
defined specific granulomas in chronic granulomatosis, are clearly pre- 
sented in the material reported here. The lesions of chronic granuloma- 
tosis of beryllium workers resemble to some extent those of several 
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other more or less well defined conditions. Among these are Boeck’s 
sarcoid,” “acute diffuse interstitial fibrosis,” ** and pulmonary fibrosis 
in a man who worked with radioactive metals.” 

Beryllium granulomatosis has been confused with Boeck’s sarcoid 
by clinicians, radiologists, and pathologists. Several persons now be- 
lieved to have beryllium granulomatosis have been considered previ- 
ously to be suffering from Boeck’s sarcoid on the basis of roentgeno- 
grams and biopsies of lymph nodes. Differentiation between these 
conditions can be made readily by microscopic examination of the 
tissues. The specific granuloma of sarcoid is comprised characteris- 
tically of a mass of fairly compact epithelioid cells which usually 
surround a central giant cell. The giant cells tend to be large, and to 
have many (usually about 25 or 30) peripheral nuclei. The entire 
nodule is surrounded by loose connective tissue in which there are 
nearly always a number of lymphocytes. There is little or no fibrosis 
or exudate, apart from that actually related to the granulomas. In pul- 
monary granulomatosis of beryllium workers, on the other hand, the 
granulomas only rarely have giant cells at their centers, and these giant 
cells differ from those in Boeck’s sarcoid, in that there is great variation 
in the number of nuclei (from as few as 4 to more than 30). Typical 
epithelioid cells are seldom a part of the granulomas. Most of the granu- 
lomas in the lungs of beryllium workers have either fibrinoid material 
or granular necrotic eosinophilic débris at their centers. The granu- 
lomas in beryllium disease are infiltrated with moderate numbers of 
lymphocytes which are found even within the granular central débris. 
Furthermore, in beryllium disease, there is diffuse intraseptal fibrosis 
of a type never seen in Boeck’s sarcoid. The large mononuclear cells 
found in the alveolar spaces in beryllium granulomatosis are not seen 
as a part of Boeck’s sarcoid. Tissues from 7 cases of typical Boeck’s 
sarcoid have been analyzed for beryllium at the Kettering Laboratory, 
and this metal was not found in any of them. 

The cases of diffuse pulmonary fibrosis described by Hamman and 
Rich ** and the case of pulmonary fibrosis described by Belt ** do have 
the diffuse fibrosis of the lungs found in beryllium granulomatosis, but 
in neither of these diseases have granulomas or other nodules been 
described. Furthermore, the cases of Hamman and Rich differed from 
those in the beryllium workers in that there was virtually no exudate 


in the former. 
CONCLUSIONS 


Exposures to dust and fumes containing beryllium have resulted in 
a number of cases of pulmonary disease. These are of two fairly 
distinct clinical types: an acute pneumonitis and a protracted pul- 
monary fibrosis and emphysema. 


BERYLLIUM PNEUMONITIS 


The pulmonary lesions in these two clinical conditions are specific 
and there is evidence of transition of the pathologic lesions of the 
acute condition to those of the chronic one. 

In the acute pneumonitis there is a boggy, generalized consolidation 
of lobes, simulating to some extent the stage of gray hepatization in 
lobar pneumonia. Microscopically, there is diffuse intra-alveolar exu- 
date composed of large mononuclear phagocytes (septal cells) and 
edema fluid. Intraseptal lymphocytes and plasma cells are also fairly 
numerous. In one case centrolobular necrosis of the liver has been 
seen. 

With chronic pulmonary fibrosis (granulomatosis), the lungs have 
been voluminous and emphysematous. Scattered diffusely throughout 
the lungs were many fine nodules. Enlargement of the right ventricle 
of the heart was constantly present in these cases. Microscopic charac- 
teristics include diffuse interstitial and nodular fibrosis of the lungs 
together with a peculiar granulomatous reaction. 

The granulomas which are typical of beryllium disease are formed 
in part within alveolar spaces by the organization of exudate, and in 
part within the septal and peritruncal connective tissues. They are 
comprised of central regions of fibrinoid material or granular débris, 
and the central regions are surrounded by a peripheral zone of ‘ibrosis 
in which there is an infiltration of lymphocytes and plasma cells. The 
centers of the granulomas are occasionally occupied by giant cells of 
the Langhans’ type. There are conchoidal bodies in most cases, some- 
times within giant cells, sometimes lying free in débris or in fibrous 
tissue. 

Granulomas similar to those of the lungs have been found in the 
skin and subcutaneous tissues into which beryllium oxide or phosphors 
have accidentally been introduced. These lesions provide further proof 
of the pathogenic nature of beryllium. 


I wish to express my gratitude for clinical data and for the opportunity to 
examine tissues to Drs. Morris Carmody, J. M. DeNardi, H. S. Martland, H. T. 
Karsner, J. B. Hazard, and Willard Machle. The photomicrographs were pre- 
pared by Mr. J. B. Homan. 
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DESCRIPTION OF PLATES 


PLATE 185 


1. Exudate comprised of clasmatocytes, lymphocytes, and plasma cells. Acute 
pneumonitis (case C-2). XX 320. 


2. Early stage of nodule formation. Septal cells desquamating in sheets in upper- 
most alveoli. Fibrinoid material in nodules. Acute pneumonitis (case D-3). 
X 250. 
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PLATE 186 
Fic. 3. Nodule forming within alveolar space. Acute pneumonitis (case D-3). 
X 250. 


Fic. 4. A well formed granuloma in the wall of the septum. Serpentine fibrinoid 
material is surrounded by loose collagen. Acute pneumonitis (case D-3). 
X 250. 
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PLATE 187 


Fic. 5. Advanced granuloma formation and cellular reaction. Acute pneumonitis 
(case C-2). X 160. 


Fic. 6. Silver preparation showing organization of exudate into granulomas and 
formation of granulomas in septal walls. Acute pneumonitis (case C-2). 
160. 
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PLATE 188 


Fic. 7. Two granulomas in alveolar walls. Chronic granulomatosis (case C-1). 
X 160. 


Fic. 8. Coalescence of granulomas. Chronic granulomatosis (case C-1). XX 160. 
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PLATE 189 


Fic. 9. Conchoidal bodies. One is within a giant cell and the other lies free in débris 
within a granuloma. Chronic granulomatosis (case C-1). XX 320. 


Fic. 10. Fibrosis of a granuloma, early stage, showing thick bands of relatively 
acellular tissue infiltrated with lymphocytes. Chronic granulomatosis (case 
C-1). X 160. 


Fic. 11. A more advanced stage of fibrosis of a granuloma from a case of chronic 
granulomatosis (case F-1). XX 160. 
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PLATE 190 
Fic. 12. A fibrous nodule surrounded by granulation tissue. The absence of whorls 


and dense hyalinization differentiate this nodule from those of silicosis. Chronic 
granulomatosis (case E-1). X 125. 


Fic. 13. A conglomerate fibrous nodule. Chronic granulomatosis (case A-1). X 85. 
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PLATE I9QI 


Fic. 14. Low-power photomicrograph to show the locations of nodules in the peri- 
vascular tissues and in the walls of septa, and the i.arked emphysema associ- 
ated with chronic granulomatosis (case C-1). XX 16. 


Fic. 15. Liver from a case of acute pneumonitis showing centrolobular necrosis— 
evidence of systemic toxicity of beryllium (case D-3). XX 160. 
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PARAGANGLIOMAS 
REVIEW OF SUBJECT AND REPORT OF FIVE ORIGINAL CAsEs * 


OssorneE A. Brives, M.D., and Ermer R. Jennincs, M.D. 


(From the Department of Pathology, Wayne University, and Receiving Hospital, 
Detroit, Mich.) 


Since Manasse? first described an undoubted case of paraganglioma 
of the suprarenal gland, many interesting facts have come to light 
regarding these rare tumors. Kohn? described the chromaffin system 
to which these tumors are related. Suzuki? first reported a case asso- 
ciated with neurofibromatosis. Labbé, Tinel, and Doumer ‘* described 
the clinical syndrome of paroxysmal hypertension. However, most of 
the papers dealing with this subject have been isolated case reports 
with emphasis on some one phase or another. It is our primary 
purpose to review the literature of this subject, and on the basis of 
embryogenesis and histology of the paraganglion cells, to evaluate the 
previously reported cases and to add 5 cases not previously reported. 


ORIGIN AND DISTRIBUTION OF PARAGANGLION CELLS 


Hollingsworth ° has recently reviewed the literature concerning the 
development of the sympathetic system. By a process of maturation 
and differentiation, ganglion cells of the sympathetic system, para- 
ganglion cells, and the sheath cells (Schwann or neurilemma cells) are 
derived from the cells of the neural crest. The cells destined to become 
paraganglion cells migrate to the dorsal surface of the sympathetic 
ganglia to form small, rounded masses in depressions of these ganglia. 
Because of this close association, the term paraganglion has been 
applied. Similar masses occur in the sympathetic plexuses, the best 
known of which are the organs of Zuckerkandl which develop along 
the aorta near the root of the inferior mesenteric artery. Similar col- 
lections of these cells have been described in the liver, testes, kidneys, 
and heart. The paraganglion cells which form the suprarenal medulla 
are derived from the celiac plexus; in embryos of 7 weeks, masses of 
these cells grow into the cortical primordium (from mesoderm) and 
gain a central position. 

Several other tissues have been included in the paraganglionic or 
chromaffin system, prominent among which are the carotid body, the 
argentaffin cells of the appendix and intestines, and the coccygeal body. 
The most dispute has concerned the carotid body. Kohn,’ studying 
man and the pig, thought the carotid bodies belonged to the paragan- 
glionic system. He stated that the cells of these tissues are chromaffin 
cells; that brown granules appear with the use of chromate solutions. 


* Received for publication, December 13, 1947. 
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It is true that the carotid body of pigs contains chromaffin cells, but 
other workers ° do not agree that human carotid bodies have chromaffin 
cells. The carotid body arises from the mesenchyme of the wall of the 
third branchial cleft and is closely related to the development of a 
branch of the glossopharyngeal nerve; thus, its origin is different from 
that of the paraganglion cells. Smith * has shown that its connections 
with the cervical sympathetic nerves are made late in the development 
of the embryo. She stated that chromaffin cells are not constant in the 
carotid body of man or the rat, but can be regularly demonstrated in 
those of the pig and cow. Furthermore, neither epinephrine nor any 
related vasopressor substance has been demonstrated in the carotid 
body or tumors derived therefrom. Boyd,’ in a recent review of the 
subject, definitely rejected the idea that the carotid body be included 
in the paraganglionic system. Because of the inconstancy of the 
presence of chromaffin cells, because epinephrine has never been dem- 
onstrated and, most important of all, because of the difference in 
embryologic development, we will not consider tumors derived from 
the carotid body as paragangliomas. 

There has been less dispute concerning the inclusion of the argentaf- 
fin tumors of the appendix and intestine with paragangliomas. Masson,*® 
after studying 50 cases of carcinoid of the appendix, confirmed 
Huebschmann’s ® suggestion that argentaffin cells are chromophilic, 
but pointed out several reasons why these tumors should not be cata- 
logued with the paragangliomas. First, the argentaffin cells are not 
derived from the neural crest, but are of entodermal origin. Masson 
wrote: “All the argentaffin cells enclosed in the nerves result from 
intranervous budding from the glands of Lieberkiihn. The budding 
epithelia then separate from their gland matrix, migrate into the nerves 
of the mucosa and differentiate.” Further, the argentaffin cells often 
contain lipoid substances and these are not seen in paraganglion cells. 
De Castro’ has shown that the chromaffin reaction sometimes obtained 
in the carotid body does not depend upon the presence of epinephrine 
as the reducing substance, but rather on the action of the lipoids con- 
tained in these cells. The same might apply to the lipoids of argentaf- 
fin cells and the positive chromaffin reaction. 

Lewis and Geschickter ** included argentaffin tumors in their series 
of paragangliomas, but Geschickter now considers their exact origin 
to be less certain. For the reasons stated by Masson,° in addition to 
the fact thet no epinephrine or similar substance has ever been demon- 
strated in these tumors, we prefer not to include argentaffin tumors 
with paragangliomas. 

Some early writers have compared the coccygeal body with the 
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carotid body and so have included it in the paraganglionic system. 
Because it has nothing in common embryologically with paraganglion 
cells, we shall not consider it here. 


CHROMAFFIN REACTIONS 


Bennett,’” in describing the suprarenal medulla of the cat, presented 
an excellent survey of the history and the significance of the chromaffin 
reaction. Henle ** reported that a dark brown color appeared in the 
suprarenal medullary cells if they had been subjected to the action of 
chromic acid or potassium dichromate. Following the identification 
and synthesis of epinephrine shortly after 1900, it became known that 
the hormone could be easily oxidized and that the oxidized epinephrine 
was brown. Hartman and Blatz** used the chromaffin reaction to 
indicate the presence of epinephrine in the suprarenal medulla. Ogata 
and Ogata *° thought that the brown color was caused by a precipitate 
formed by the interaction of epinephrine and chromium compounds. 
For the following decade the chromaffin reaction was used to indicate 
the amount of epinephrine in the tissues. In 1930 Gerard, Cordier, 
and Lison ** showed clearly that the brown color could be produced 
by mixing epinephrine with strong oxidizing agents other than chromi- 
um compounds. This reaction, then, was not really a demonstration of 
chromaffinity, but a nonspecific reaction between epinephrine (and 
related compounds) and strong oxidizing reagents such as solutions of 
potassium iodate. The term chromaffin reaction is apparently a mis- 
nomer since the reaction depends on an oxidation reaction and not on 
chromium affinity. Organic substances which form these complex 
compounds with oxidizing agents include epinephrine, hydroquinone, 
resorcinol, aniline, polyphenols, and many others. 

Bennett * stated that some of these compounds must be present in 
all tissues of the body and must account for the light brown color seen 
in all tissues fixed in dichromate. The much darker color of the supra- 
renal medulla and paraganglia merely indicates a greater concentra- 
tion of these fuscogenic substances. 

Because the chromaffin test is nonspecific, one should not classify 
a tumor as a paraganglioma simply because of the presence or absence 
of a positive reaction. Of greater importance are its origin from cells 
which have been derived from the neural crest and the presence in it 
of cells capable of secreting a pressor substance. In a practical sense, 
then, when one is attempting to classify a tumor suspected of being a 
paraganglioma he should consider the site of origin and the histologic 
resemblance to paraganglion cells of the suprarenal medulla. The 
histologic appearance may vary greatly and may be of little help in 
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classifying and identifying these tumors. We shall consider as being 
typical paragangliomas only those tumors which arise in the suprarenal 
medulla, or in association with the sympathetic ganglia, or in the 
sympathetic plexuses. The discussion will thus be limited and the statis- 
tics presented will be at variance with those by authors who have 
employed the term in a less restricted fashion. 


REPORT OF CASES 
Case 


A Negro housewife, 43 years of age, was first admitted to the Detroit Receiving 
Hospital on December 31, 1945, because of vaginal bleeding and weakness of 5 days’ 
duration. The positive physical findings included pale mucous membranes, soft 
cervix with patulent os, and a large nodular uterus. Serologic tests for syphilis were 
negative and the hemoglobin value was 7.0 gm. per 100 cc. of blood. The clinical 
impression was complete abortion, multiple leiomyomas of the uterus, and secondary 
anemia. Treatment consisted of pituitary preparations and multiple blood trans- 
fusions. She responded well and was discharged on January 11, 1946, to return 
to the out-patient department. The blood pressure was not elevated. She was re- 
admitted to the hospital on May 30 in order that definitive treatment for the uterine 
tumors could be carried out. At this time the blood pressure was 110/70 mm. Hg. 
The remaining physical findings suggested only multiple leiomyomas of the uterus 
and secondary anemia. On June 5 supracervical hysterectomy and appendectomy 
were performed without incident through a midline incision. While exploring the abdo- 
men a retroperitoneal tumor was palpated slightly to the right of the midline and 
at the level of the third lumbar vertebra. This mass was black, moderately firm, 
and measured about 6 cm. in maximum diameter. The peritoneum was incised and 
the mass was found to be attached by a small pedicle to the retroperitoneal tissue. 
The exact relation to the abdominal aorta was not determined. The postoperative 
course was uneventful and the patient was discharged on June 17 to the out-patient 
department. In the succeeding 5 months she was ‘followed at regular intervals and 
her progress was very satisfactory. 


The specimen consisted of a thinly encapsulated, firm neoplasm 
weighing 30 gm. and measuring 5 by 3 by 2.5 cm. The formalin in 
which the tumor was immersed was colored brown. Approximately 90 
per cent of the tumor was blue-black, there being a small, light-pink 
area at one end. The demarcation between the pigmented and non- 
pigmented portions was abrupt. Numerous slit-like cavities were seen 
in the pigmented portion. The tumor was composed of irregular 
polygonal cells arranged in solid groups, which were separated one 
from another by a delicate connective tissue stroma and thin-walled 
capillaries. In sections prepared from the pigmented areas the neo- 
plastic cells contained a granular pigment, which on low-power exam- 
ination appeared black and with higher magnification appeared brown- 
black. Sections from the light areas were almost devoid of pigment. 
The capillaries, stroma, and alveolar pattern were more prominent in 
the pigmented areas. The Prussian blue reaction for the presence of 
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iron was negative. Dopa and chromaffin tests were not done on the 
fresh material. Staining with the Mallory-Heidenhain technic, as 
recommended by Gomori,’ gave negative results. This is an azo- 
carmine stain with which substances related to epinephrine appear as 
violet granules in the cytoplasm of chromaffin cells. The pigment 
was darkened by aqueous silver nitrate and bleached with hydrogen 
peroxide. 
Anatomic Diagnoses. Paraganglioma, benign, retroperitoneal. 


Case 2 


The patient was a Negro male, 34 years old, who was admitted to Detroit Re- 
ceiving Hospital because of headaches of several months’ duration associated with 
dizzy spells, nausea, and vomiting. He stated that he had innumerable tumors over 
his entire body since childhood. His blood pressure was 180/140 mm. Hg. The re- 
mainder of the physical examination was negative except for the cutaneous nodules 
and hypertensive retinopathy. Routine laboratory studies revealed little of note. 
A calcific mass, apparently within the left kidney, and a similar mass in the right 
upper abdominal quadrant were demonstrated radiographically. The patient was 
discharged and re-admitted 7 months later. It was then that the diagnosis of para- 
ganglioma was suspected, for it was learned that laughing or change in his position 
would precipitate an attack of the previously described symptoms. Confirmatory 
tests were done, including perirenal insufflation for roentgenographic study. His 
attacks continued and he died, apparently in shock, before surgical treatment for 
his disease could be performed. 


Multiple, discrete, cutaneous tumors varying from 1 mm. to 4 cm. 
in average diameter were distributed universally. There was an equino- 
varus deformity of the left foot. Examination of the contents of the 
cranial cavity revealed mild fibrosis of the leptomeninges. In the 
right cerebral hemisphere there was an elongated softening of the white 
matter. There was also a small hemorrhage in the pineal body. The 
heart weighed 425 gm. with a ventricular ratio of 3.0 (normal, 1.6 to 
2.0). The peritoneal cavity contained 500 cc. of clotted and unclotted, 
recently shed blood. Beneath the right leaf of the diaphragm there 
was a hematoma, partially organized, measuring 8 cm. in maximum 
dimension. Within the spleen there was a subcapsular hematoma 4.5 
cm. in diameter. In the walls of the esuphagus, stomach, duodenum, 
small intestine, and large intestine were numerous firm, yellow-white 
tumors varying in size from 2 mm. to 2 cm. In the medial pole of the 
right suprarenal gland there was an encapsulated, spherical tumor, 
3.5 cm. in diameter, which was reddish brown and hemorrhagic, and 
weighed 19 gm.; the uninvolved portion of the suprarenal gland 
weighed 5 gm. The opposite suprarenal body was diffusely enlarged, 
measuring 7 by 3 by 1 cm. and weighing 16 gm. Serial sections re- 
vealed no nodular lesion. Between this suprarenal body and the 
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superior pole of the kidney there was an area of recent hemorrhage 
measuring 4 cm. in maximum dimension. 

In the brain there were atherosclerosis, arteriolar sclerosis, and 
thrombosis associated with multiple areas of softening and glial pro- 
literation. The subcutaneous tumors and those throughout the gastro- 
intestinal tract were composed of encapsulated masses of interlacing 
bundles of fibrillar connective tissue with elongated nuclei, and no 
definite nerve bundles were seen in the sections examined. The lungs 
showed diffuse pulmonary edema, purulent bronchitis, passive conges- 
tion, and confluent lobular pneumonia. Nothing remarkable was noted 
in the sections prepared from the gastro-intestinal tract save for the 
previously described neurofibromas. In the kidneys, definite arturiolar 
sclerosis was seen which was indistinguishable from that frequently 
associated with essential hypertension. In addition a recent intra- 
capsular hemorrhage was noted. 

The suprarenal tumor was composed of polygonal cells measuring 
about 35 uw in maximum dimension which contained large vesicular 
nuclei with one prominent nucleolus per cell. The cytoplasm contained 
very fine, densely packed granules which were stained purple with 
hematoxylin and very closely resembled those of the secretory cells 
of the normal suprarenal medulla. These cells were arranged in cords 
and nests which were surrounded by a delicate connective tissue stroma. 
The tumor was highly vascular, containing many thin-walled capillaries 
and sinusoidal spaces, often markedly dilated. Some of the tumor 
cells were smaller (15 w), more pink, and had dense nuclei without 
nucleoli. A portion of the tumor was placed in Orth’s solution in order 
to demonstrate possible chromaffinity of the cells. When stained with 
Schmorl’s technic ** the nuclei appeared deep blue-green while the 
cytoplasm of the tumor cells contained numerous, very fine, yellowish 
green granules. Confirmation of this positive chromaffin reaction was 
obtained by staining formalin-fixed tissue with Heidenhain’s azocar- 
mine according to Gomori’s suggestion.’7 With this technic, the gran- 
ules were violet, corresponding to the granules of the suprarenal 
medulla which was used as a control. An interesting incidental feature 
was that the nucleoli of the tumor cells stained brilliant red. 

Anatomic Diagnoses. Paraganglioma, benign, right suprarenal gland; 
neurofibromatosis, skin and gastro-intestinal tract; heart disease, 
hypertensive, with left ventricular hypertrophy; pneumonia, lobular, bi- 
lateral; hemoperitoneum; hematoma, subcapsular, spleen, kidney; ar- 
teriolar sclerosis, generalized; encephalomalacia; talipes equinovarus, 
left; kyphoscoliosis, thoracolumbar spine. 
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Case 3 


The patient was a Negro male, 33 years of age, who was admitted to the Medical 
Service of the Detroit Receiving Hospital with a chief complaint of constipation, 
gas on the stomach, nausea, vomiting, and hiccoughs of 3 days’ duration. He had 
had epigastric pain, relieved by soda and milk, for 10 years. The vomitus had been 
bloody on two occasions during the week prior to admission. He had had malaria 
as a boy and there was an indefinite history of syphilitic chancre 11 years before 
admission. Physical examinatiun revealed slight icterus, decreased expansion of the 
right chest, and flatness. There was no cardiac hypertrophy; the abdomen displayed 
only slight tenderness, some distention, and spasticity of the rectus muscle on the 
right side. No abdominal masses were palpated. Results of routine examination 
of the blood and urine were normal. The working diagnosis was cholecystitis with 
cholelithiasis, and the patient was treated conservatively. During hospitalization, 
he became progressively worse and expired 5 days after admission. 


The principal positive findings at necropsy were in the abdominal 
cavity. Generalized peritonitis had resulted from perforation of two 
ulcers of the duodenum and stomach. In the left suprarenal gland 
there was a neoplastic nodule measuring 2.5 cm. in diameter, confined 
to the gland. The remaining viscera appeared normal. 

The neoplasm was composed of cells which varied greatly in size 
from 10 to 30 w and were arranged in poorly formed cords and nests. 
The cells were roughly elliptical in most areas, but spherical in others. 
The cell boundaries were indistinct. The nuclei of the tumor cells, 
for the most part, contained moderately dense, diffusely distributed 
chromatin. However, the nuclei varied greatly in size and shape and 
contained no nucleoli. Some of the cells with indistinct outlines ap- 
peared to be giant cells and contained from two to five nuclei. The 
cytoplasm of the tumor cells was abundant and contained many fine, 
densely packed, violet-staining granules. Some of the tumor cells had 
undergone hydropic change. The stroma of the tumor, for the most 
part, was delicate, fibrous, and sparse. However, in some areas there 
was a very dense fibrous stroma. There were many dilated, thin-walled 
capillaries throughout the tumor. There was a moderate amount of 
necrosis and hemorrhage. At one edge of the section a rim of com- 
pressed suprarenal cortical tissue was seen. 

Anatomic Diagnoses. Ulcers, duodenal and gastric, with perforation, 
generalized peritonitis, and abscess formation; paraganglioma, benign, 
left suprarenal gland. 

Case 4 


A white female, 21 years old, was first admitted to the Detroit Receiving Hospital 
on December 6, 1937. She had known that she had high blood pressure for 6 years 
prior to admission. This hypertension had been discovered in 1931 as part of a 
general physical examination because of symptoms of nervousness, palpitation, and 
headache. During the succeeding years the symptoms became progressively worse 
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and were accompanied by nervousness and irritability. In 1934 a partial thyroid- 
ectomy was performed at another hospital, at which time there was moderate ele- 
vation of the basal metabolic rate. Following this operation her symptoms were 
somewhat relieved but later returned, and in 1937 she was hospitalized for a “nervous 
breakdown.” At this time her basal metabolic rate was plus 72 and another thyroid 
operation was performed. She felt better for a short time, but her symptoms re- 
turned and she became progressively worse. At the time of admission to the Detroit 
Receiving Hospital she was complaining of palpitation, headache, flushed face, and 
nervousness. Physical examination revealed only minimal changes of the vessels 
in the optic fundus. A remnant of the thyroid gland was palpable. The heart was 
moderately enlarged to the left with a systolic blowing murmur over the precordium 
and an accentuated aortic second sound. Blood pressure at the time of admission 
was 194/132 mm. Hg. Repeated determinations of the blood pressure revealed 
that the systolic pressure varied from 150 to 240 and the diastolic from 100 to 150. 
Routine studies of the blood and urine were normal. The Kline test was negative. 
The basal metabolic rate was plus 16. Blood cholesterol was 192 mg. per 100 cc. 
of plasma. An electrocardiogram indicated sinus tachycardia with no definite evi- 
dence of myocardial involvement. An excretory urogram revealed a slight outward 
displacement of the right kidney, and in the position of the left suprarenal gland a 
definite area of calcification was evident. While on the ward her condition remained 
unchanged. Marked variations in blood pressure determinations were noted. On 
January 18, 1938, an exploratory operation of the left suprarenal area was performed 
and a retroperitoneal tumor was found, situated superiorly and mesially to the upper 
pole of the left kidney and extending posteriorly along the spinal column at approxi- 
mately the level of the 12th thoracic vertebra. The anterior surface was covered by 
a complicated mass of veins of considerable size, some being 2 mm. in diameter. 
Intravenous fluids, including whole blood, were administered. The blood pressure 
fluctuated greatly; at one time the systolic pressure was 290 and a reading was un- 
obtainable at another time. All of the tumor was removed except the extreme pos- 
terior portion lateral to the spine. At this point in the operation the patient stopped 
breathing, and quantities of rust-colored, frothy fluid exuded from the nostrils and 
throat. Despite supportive measures, she expired. Permission for necropsy was 
not granted. 


The specimen was submitted in several pieces, having an aggregate 
weight of 20 gm. They were irregular, dark brown, and soft. The 
formalin in which the tissue had been immersed for 24 hours was 
discolored brown. The tumor cells were large, irregular, and contained 
hyperchromatic nuclei with abundant deep-staining cytoplasm. Many 
of the cells were vacuolated. There was a considerable variation in 
nuclear size and staining intensity. A few mitotic figures were seen. 
Some of the cells were multinucleated, containing two to four nuclei. 
Thick and thin-walled veins were present throughout the tumor. There 
was an incomplete, thick, fibrous capsule. A portion of the tumor was 
stained with Giemsa’s stain and no olive-green granules were seen. 
This, then, would be a negative chromaffin reaction with the Schmorl 
method.’® However, when the tissue was stained with azocarmine, 
there was a definite positive reaction, the cytoplasm of the tumor cells 
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containing gray-blue, coarse granules. The nuclei were red except the 
large vesicular ones which had prominent red nucleoli. 
Anatomic Diagnosis. Paraganglioma, benign, retroperitoneal. 


Case 5 * 


The patient was a white woman, 50 years of age, who had suffered from dyspepsia 
for many years. During the past 2 years she developed a chronic, persistent hyper- 
tension with blood pressure of approximately 160/90 mm. Hg. There was a gradual 
onset of exertional dyspnea and ankle edema which were relieved by the administra- 
tion of digitalis. Four days prior to hospitalization she was seized by an attack of 
nausea, vomiting, and severe pain in the right upper quadrant. At the time of 
admission to Woman’s Hospital her temperature was 100.2°F.; pulse rate, go per 
minute; and blood pressure, 190/110 mm. Hg. There was tenderness on the right 
side of the abdomen associated with a poorly defined mass. The results of hema- 
tologic and urine studies were within normal limits. On November 21, 1936, 6 days 
after admission, a cholecystectomy was done. During the operation, the blood 
pressure fluctuated widely. The gallbladder was thickened and contained two large 
stones and a large amount of thick purulent material. Her postoperative course 
was satisfactory during the first 3 days. She then became apprehensive, nauseated, 
and vomited several times. Temperature, pulse rate, and respirations increased and 
she became comatose. She died 9 hours after the onset of these symptoms. 


There was a fairly well developed growth of hair on the upper lip 
and chin, but no other signs of masculinization. The heart weighed 
300 gm., but was otherwise normal. There was hemorrhagic edema 
of the lungs. The right suprarenal gland was diffusely enlarged and 
weighed 25 gm. The left suprarenal gland was replaced by a firm, 
encapsulated tumor which weighed 600 gm. and measured 11 by ro by 
8 cm. It was easily removed from the surrounding structures. On cut 
section, it was seen to be highly vascular, soft, and white in some areas 
and pink in others. The epinephrine content was ascertained according 
to the method of Folin, Cannon, and Denis *® and it was found that 
10.2 gm. of the tumor contained 24.6 mg. of epinephrine. This would 
indicate that the entire tumor contained about 1400 mg. of epineph- 
rine. 

In the sections prepared from paraffin-embedded tissue and stained 
with hematoxylin and eosin, the tumor cells were seen to be poly- 
hedral with indistinct cell boundaries. The average size of the cell was 
35 pw. The nuclei in most cases were large, vesicular, and nearly all of 
them had prominent nucleoli. Some cells appeared to be binucleated. 
The cytoplasm contained fine, violet-staining granules. The cells were 
arranged in cords and nests and were separated from one another by 
delicate connective tissue stroma with a rich capillary network. Some 


* Reported with the permission of Drs. Earl G. Krug and D. C. Beaver. 
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of the capillaries were distended and contained very many white blood 
cells. There was a remarkable resemblance between the microscopic 
pattern of the tumor and the normal suprarenal medulla. There was 
no necrosis or hemorrhage. The capsule was incomplete. Many thin- 
and thick-walled veins were present. A portion of the tumor was 
fixed in a chromate solution and sections examined from this material 
revealed brown granules in the cytoplasm of the neoplastic cells. 

Anatomic Diagnoses. Paraganglioma, benign, left suprarenal gland; 
hypertrophy, myocardial, mild; edema, hemorrhagic, lungs; gallblad- 
der, absence of, acquired. 


REVIEW OF THE LITERATURE 


The three terms commonly used in the literature by which these 
tumors are designated are paraganglioma, pheochromocytoma, and 
chromaffinoma. For reasons previously stated, chromaffinoma seems 
objectionable. Pick,?° in 1912, suggested that the term pheochromo- 
cytoma (tumor of dark-colored cells) be used for those tumors arising 
in the suprarenal medulla and that the extra-suprarenal tumors be 
called paragangliomas. Some authors have followed his suggestion, 
but since this separation is arbitrary and does not reflect a funda- 
mental distinction, we prefer to designate all of these tumors as para- 
gangliomas. This term seems most acceptable since it refers to the 
cells from which these tumors are derived. 

Many excellent reviews of the literature have appeared during the 
past 15 years. Belt and Powell collected all of the cases reported 
up to 1934. In 1941 Biskind, Meyer, and Beadner ** contributed a 
compilation of the cases treated surgically which had been reported 
prior to that time. Rosenthal and Willis ?* reviewed all of the cases 
of paraganglioma associated with neurofibromatosis. Green ** studied 
the incidence of chronic hypertension and analyzed 50 reported cases. 
McGavack, Benjamin, Speer, and Klotz*® analyzed the reports of 
malignant paraganglioma. Mackeith,”* in his article submitted for 
publication in May, 1943, stated that 165 of these tumors had been 
described. Since that time approximately 40 more cases have been 
added. The 5 cases described in this paper bring the total number of 
reported cases to about 210. 

These tumors occur with equal frequency in the male and the female, 
chiefly during young adult life, and usually between the ages of 20 
and 50 years. However, the age variability is great: one of Finger- 
land’s ** cases was that of a 71-year-old male, and Soffer, Mencher, 
and Colp ** reported an active tumor occurring in a 7-year-old girl. The 
few reports of cases occurring in infants and very young children are 
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all highly atypical. The 1-year-old infant described by Neff, Tice, 
Walker, and Okerblad *° displayed hirsutism, precocious development 
of the genital organs, and obesity. The tumor which occurred in the 
mediastinum of a 4-year-old boy, reported by Wahl and Robinson,” 
contained neuroblastic elements with widespread metastases and thus 
does not belong in the category of paragangliomas. 

About 90 per cent of these neoplasms have occurred in the supra- 
renal glands and there is a slight, but definite, predilection for the right 
gland. All of the extra-suprarenal tumors have occurred in the ab- 
dominal cavity or retroperitoneal area except two. One of the two 
acceptable intrathoracic paragangliomas was reported by Philips ** from 
the apex of the pleural cavity, apparently arising from the first left 
thoracic ganglion. The second was reported by Miller ** as occurring 
in a paravertebral position in the right pleural cavity opposite the 6th 
interspace. Of those described as extra-suprarenal but intra-abdominal, 
10 have occurred in the organ of Zuckerkandl, 3 in the retroperitoneal 
area (including our first case), one at the hilus of a kidney, and one 
at the celiac ganglion. Many others have been reported in the carotid 
body, the appendix, and the sacrococcygeal body, but these tumors are 
not included in this review. Waaler ** has collected all of the extra- 
suprarenal paragangliomas reported up to 1945. 

These tumors are multiple in about 10 per cent of the cases. In 18 
reported cases they have occurred simultaneously in both suprarenal 
glands. The importance of this fact is emphasized in the report of 
Knake * in which is described an 11-year-old boy who had one supra- 
renal tumor removed but died 5 weeks later. A similar benign tumor 
was found in the opposite suprarenal gland at necropsy. In addition 
to those with bilateral tumors, other reports describe apparently benign 
but multiple tumors. One of Fingerland’s ** cases had a tumor of the 
right suprarenal gland and the organ of Zuckerkandl. The important 
clinical implications of these facts must be apparent. 

The tumors have varied in weight from 5 gm. to more than 2 kg. 
One tumor described by Soffer e¢ al.2* weighed 2 kg. after much blood 
had been removed. Typically, the tumors are encapsulated, spherical 
or oval, and reddish brown. Many are hemorrhagic and necrotic, and 
have undergone cystic degeneration. Often a rim of suprarenal cortex 
can be seen at one edge of the specimen. In our case 1 the tumor was 
blue-black because of the high melanin content, but this is unusual. 

In the tumors which develop the more typical and characteristic 
histologic pattern there is an unmistakable resemblance to the supra- 
renal medulla. The nuclei of the tumor cells are large, vesicular, and 
frequently have prominent nucleoli. The cytoplasm is abundant, mak- 
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ing each cell polygonal. Often fine granules can be seen in the cyto- 
plasm, even in sections prepared from formalin-fixed tissues and stained 
with hematoxylin and eosin. Frequently the cells are arranged in cords 
and nests and are separated by a delicate connective tissue stroma. 
Usually, there is an abundant capillary network. When fixed in Orth’s 
solution and stained by the Schmorl technic ** the nuclei are blue and 
the cytoplasm often contains olive-green granules. When fixed in 
formalin and stained with azocarmine, as suggested by Gomori,'* the 
nucleus usually is pale, the nucleolus a brilliant red, and the cytoplasm 
often contains bluish violet granules. However, many of the tumors 
are atypical and may pose a problem in histologic diagnosis. Some 
tumors are composed of small cells with dark, pyknotic nuclei and no 
demonstrable nucleoli. The cells may be fusiform or spindle-shaped. 
Great variation in size and shape may be present, including the forma- 
tion of giant cells. The cytoplasm may be scanty and contain no 
granules. The reactions to the Schmorl *® and azocarmine stains may 
be negative. The cells may contain a large amount of melanin. Gan- 
glion cells may be present. The pathologist must then give special 
consideration to the clinical features of the case. 

It is difficult to ascertain the real incidence of hormonal activity 
of these tumors. Before 1922, at which time the relationship of these 
tumors to paroxysmal hypertension was first clearly described,* most 
of the reports consisted of necropsy findings and about one-half of the 
tumors apparently were inactive. During the past 20 years many clin- 
ical as well as pathologic diagnoses have been made and, quite natu- 
rally, the percentage of hormone-producing tumors has increased. 
During the past 4 years about 30 cases have been reported, all char- 
acterized by symptoms of epinephrine production. It is interesting 
that of the 9 tumors associated with generalized neurofibromas, only 2 
(including our case 2) have produced the suprarenal-sympathetic 
syndrome. 

There is some confusion in the literature concerning the frequency 
with which these tumors are malignant. McGavack et al.”* stated that 
only 8 cases of definitely malignant paraganglioma had been reported 
and that all of these were physiologically inactive, i.e., did not pro- 
duce the suprarenal-sympathetic syndrome. The following year Mac- 
keith *° stated that 17 malignant paragangliomas had been described 
and that some of them had been active. The reason for this disagree- 
ment is that Mackeith apparently accepted all of the cases reported as 
malignant, whereas McGavack critically analyzed all of the reported 
cases and accepted only about half of them. McGavack categorically 
stated that it is not possible to separate the malignant from the benign 


PARAGANGLIOMAS 1179 


tumors histologically, and that “all of the cases in which metastases 
did not occur should be classified as benign.” On this basis, he accepted 
only 7 cases and added another. We would insist upon invasion in lieu 
of metastasis as a criterion of malignancy. We believe that Fein and 
Carman’s *° case is a typical example of a benign paraganglioma in- 
correctly diagnosed. This patient was a 27-year-old female; at nec- 
ropsy an encapsulated tumor of the right suprarenal gland was found 
which was assayed and found to contain epinephrine. There was no 
cachexia and no local invasion by the tumor or metastasis. Further- 
more, the photomicrographs revealed a pattern which is compatible 
with that of a benign paraganglioma although the diagnosis given is 
medullary carcinoma of the suprarenal gland (malignant pheochromo- 
cytoma). Many similar examples could be cited to account for the 
disparity between the figures of Mackeith and McGavack. Since 
McGavack’s report, no acceptable malignant paraganglioma has been 
reported. The presence of multiple tumors does not constitute proof 
of malignancy. There have been 18 reported cases of bilateral para- 
gangliomas. McGavack has accepted as malignant only 5 cases with 
bilateral tumors. The bilateral paragangliomas of the suprarenal gland 
reported by Knake ** were clearly benign. Fingerland’s ** case in 
which tumors were found in the right suprarenal gland and the organ 
of Zuckerkandl was reported as one of benign neoplasm. 

In summary, it can be stated that a paraganglioma which is locally 
invasive or has metastasized should be considered malignant. If there 
are multiple tumors and one or more of the nodules is located where 
paraganglion cells are never found normally (e.g., lymph node or 
bone), it is a malignant neoplasm. If the tumor is well encapsulated 
but the cells appear to be anaplastic, the observer must be cautious 
in classifying it as malignant. If the tumors are multiple and all of them 
are situated where paraganglion cells are normally found (e.g., both 
suprarenal glands, one suprarenal gland and the organ of Zucker- 
kandl), again one must be cautious in interpreting one tumor as being 
primary and the others metastatic. 

For the 8 cases of malignant paraganglioma accepted by Mc- 
Gavack ez al.,?° the following features were observed: All occurred in 
the suprarenal gland; none was associated with paroxysmal hyper- 
tension or the suprarenal-sympathetic syndrome; the age range was 
from 30 to 68 years with an average of 45.5 years; 5 of the 8 were 
bilateral; the outstanding clinical features were loss of weight, ca- 
chexia, and pain at the primary and metastatic tumor sites. In Mc- 
Gavack’s own case, the picture of cachexia was so extreme that diag- 
noses of Addison’s and Simmond’s diseases were considered. In 3 of 
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the 8, a palpable mass was present. The regional lymph nodes were 
involved in all. Other metastatic sites were as follows: Thoracic lymph 
nodes, 5; liver, 4; bones, 3; lungs, 3; pleura, 2; skin, 2; intestines, 1; 
kidney, 1. 

In several of the reported cases increased pigmentation of the skin 
has been described. There are two possible interpretations of this 
observation. The more obvious is that the expanding tumor has pro- 
duced pressure on the suprarenal cortex and that the increased pig- 
mentation is a result of cortical deficiency. There is abundant evidence, 
both clinical and experimental, that deficiency of suprarenal cortical 
hormones causes deposition of melanin in the skin. At least 4 cases of 
paraganglioma have been reported in which clinical features of Addi- 
son’s disease were present.”° In 2 there was excessive loss of sodium 
chloride in the urine and a retention of potassium. But the disturbing 
fact is that in none of these cases could encroachment on the supra- 
renal cortex be demonstrated. In McGavack’s* case, for example, 
there was stretching of the cortex on the side of the tumor, but the 
opposite suprarenal gland was uninvolved, and serial sections of all 
endocrine glands revealed no significant change. The cause for the 
development of Addison’s syndrome remains obscure. The other pos- 
sible interpretation of the increased skin pigmentation is that it is 
related to neurofibromatosis, it being well known that areas of deep 
pigmentation often precede the development of neurofibromas. 

Before concluding a discussion of the relationship of paragangliomas 
to disturbed suprarenal cortical metabolism, mention should be made 
of LeCompte’s * case of a 31-year-old white female who displayed the 
signs and symptoms of the androgenital syndrome. Since this syndrome 
is sometimes due to hyperfunction of the suprarenal cortex, it might be 
thought that stretching of the suprarenal cortex stimulated it to activ- 
ity, an effect exactly the opposite of that suggested in the preceding 
paragraph to explain the production of Addison’s syndrome. 

Many causes and mechanisms of death have been described for 
patients with paragangliomas. Of those with malignant tumors the 
cause of death was attributed to the cancer. Patients with tumors 
which were nonfunctional and apparently produced no epinephrine 
died of unrelated causes. When the epinephrine-sympathetic syndrome 
was present, the cause of death was usually attributed to some effect 
which the tumor produced. Very often the anatomic changes at death 
are minimal and the possibility of acute epinephrine intoxication arises. 
Dolgin ** reviewed the causes of death in some detail and cited the 
work of Raab ** on the toxic effects of epinephrine-like substances. 
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EFFECTS OF EPINEPHRINE 


One of the most interesting aspects of these tumors, and certainly 
the one most widely discussed in the literature, is the physiologic 
change produced in the patient as the result of the production of an 
epinephrine-like substance. In this respect paragangliomas resemble 
the active islet cell tumors of the pancreas, the virilizing tumors of the 
ovaries and suprarenal cortex, the basophilic tumors of the pituitary 
body, and others. The first clear-cut description of the syndrome of 
paroxysmal hypertension was written in 1922 by Labbé, Tinel, and 
Doumer.* Following this report there was rapid advancement in knowl- 
edge of the activity of these tumors. For several reasons it was natural 
for the early workers to suspect that they produced a substance simi- 
lar to epinephrine. The frequent occurrence of these tumors in the 
suprarenal gland, the histologic similarity to the suprarenal medulla, 
the chromaffin reaction, and the striking resemblance of the spontane- 
ous attacks of headache, hypertension, sweating, and pallor to the 
known physiologic effects of epinephrine all pointed to production by 
the tumor cells of a substance similar to epinephrine. That a vaso- 
pressor substance is present in an active paraganglioma can be demon- 
strated by several methods. The one most commonly used has been 
the injection of a neutralized acid extract of the tumor into a lightly 
anesthetized dog and a comparison of the pressor effect produced with 
the action of a known quantity of epinephrine. Hyman and Mencher * 
prepared a solution from a patient’s blood while she was having an 
attack of paroxysmal hypertension. By perfusion of this material 
through a rabbit’s ear, they were able to demonstrate a pressor effect. 
That this substance was similar to epinephrine was further supported 
since the effect could be reversed by ergotamine. In several cases an 
elevated level of the blood potassium has been reported. The signifi- 
cance of this is apparent when one considers that the injection of 
epinephrine into a human being causes an elevation of blood potassium 
of as much as 87 per cent above normal.”* Epinephrine in a crystalline 
form was obtained from a tumor by Kelly, Piper, Wilder, and Wal- 
ters *° in 1936. DeVries, Mandl, Rachmilevitz, and Ungar ** used a 
colorimetric method (Ewins’ * test in a buffered solution) in estimating 
the epinephrine content of the tumor to be studied. Mortell and Whittle ** 
injected dogs intravenously with diluted fluid obtained from a cystic 
tumor which they encountered, and made direct measurements of the 
vasopressor effect. Furthermore, they cited Strombeck and Hedberg’s ** 
description of a chemical method based on the decolorization of methyl- 
ene blue. The latter had described a case of which, during the 
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paroxysms of hypertension, the blood contained one thousand times 
the normal amount of epinephrine and during the remissions showed 
an epinephrine content which was elevated thirty-fold. It is true that 
these methods are often indirect and leave much to be desired, but cer- 
tainly they prove that epinephrine (or a substance closely allied to it) 
is often produced by these tumors. 

It is usually stated that bio-assay of the tumor must be done shortly 
after it has been removed. However, nowhere have we found descrip- 
tions of decreasing vasopressor activity as the time interval between 
removal and determination of epinephrine increased. In Mortell and 
Whittle’s case ** there was no decreased potency at the end of 48 
hours, when the tumor was stored in the ice box. Fingerland*’ re- 
ported 2 cases in which he tested the formalin, alcohol, and Bouin’s 
solution in tumors which had been preserved for 6 years, and demon- 
strated a strong epinephrine reaction. Since epinephrine is readily 
destroyed by oxidation in alkaline solution, one should store material 
to be assayed in an acid solution. The amount of pressor substance 
contained in paragangliomas has been reported to vary from 6.7 to 
2300 mg.*® From the normal human adult suprarenal glands only 
about 8 mg. are recoverable. 

Varied clinical effects may be produced by these tumors. The syn- 
drome first described and the one most often seen and recognized is 
that of paroxysmal hypertension. More recently, excellent reports 
have been made of cases simulating chronic essential hypertension,* ** 
diabetes mellitus,** hyperthyroidism,**** and adynamic ileus.*® Some 
patients have exhibited signs and symptoms of several of these cate- 
gories. Rodin®® has described in great detail the ophthalmologic 
changes which occur with this disease. Mackeith *° has discussed the 
electrocardiographic changes. In Mortell and Whittle’s ** case, electro- 
encephalograms were taken during the paroxysms and were found not 
to be altered. Hyman and Mencher *° measured temperatures of the 
peripheral skin and found them to be lowered, presumably because of 
vasoconstriction. In the 2 cases reported by McCullagh and Engel ** 
an elevated urea clearance was demonstrated, which suggests increased 
renal blood flow; in one there was also severe polyuria, arousing a 
suspicion of diabetes insipidus. 

Several tests have been devised which have been useful for studying 
a patient suspected of having a paraganglioma. All of them are 
similar in that they are attempts to provoke an attack. One of the 
first was suggested by Coller, Field, and Durant *' and consisted of a 
subcutaneous injection of a minute amount of epinephrine. Roth and 
Kvale *? have induced attacks with the use of histamine. The mecha- 
nism is thought to depend upon the fact that histamine is antagonistic 
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to epinephrine and causes a temporary reduction in the circulating 
amount of that substance. However, the effect is temporary and thus 
the tumor responds with a “rebound” liberation of a large amount of 
epinephrine. Among the other methods might be mentioned the im- 
mersion of the feet in cold water (cold pressor test), the injection of 
insulin, and hyperventilation (which is thought to cause the diaphragm 
to press on the tumor). All of these tests have been successful in some 
cases and unsuccessful in others, so that there is little to recommend 
one rather than another. 

Perirenal air insufflation preparatory to radiographic examination 
has been advocated by Hyman and Mencher *® and has been very 
useful in their hands. Others have hesitated to employ this procedure 
because patients with these tumors are unstable and disastrous results 
have ensued. It may be that the attempted perirenal insufflation for the 
patient of our case 2 had something to do with his demise. Scout films 
of the abdomen have been helpful in many cases, for calcification in 
the kidney region has been seen. Often these shadows have been mis- 
interpreted as being tuberculous in origin. 


RELATION TO NEUROFIBROMAS 


In the second case of our series, an active paraganglioma of the right 
adrenal was associated with neurofibromatosis of skin and viscera. 
Suzuki * was the first to report the simultaneous presence of these two 
neoplastic diseases, and the literature 1 ow contains 8 previously re- 
ported cases. In only one of these was .he paraganglioma active, pro- 
ducing the suprarenal-sympathetic syndrome. Our case 2, then, is 
the second to be reported in which a paraganglioma, multiple neuro- 
fibromas, and paroxysmal hypertension have occurred together. 

The co-existence of these two neoplastic conditions in a frequency 
of 1 to 23 suggests that the relationship is more than fortuitous. Nearly 
all authors reporting such cases have made this comment, but nowhere 
have we found a satisfactory explanation of this concurrence. As has 
been described above, the paraganglion cells are derived from the 
migrating undifferentiated cells of the neural crest. Harrison * has 
demonstrated experimentally that when the neural crest is divided 
from the neural tube, the motor nerves continue to develop, but are 
devoid of the normal sheaths (Schwann cells). This indicates that the 
sheath cells, like the paraganglion cells, are derived from the neural 
crest. Stout recently reviewed the histogenesis of neurofibromas 
and stated that Schwann cells play the dominant réle in the formation 
of these tumors. These accumulated facts suggest, then, that para- 
gangliomas and neurofibromas are both derived from cells which have 
ultimately come from the neural crest. Several writers have reported 
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cases demonstrating tumors consisting of combinations of ganglio- 
neuromas, neuroblastomas, and paragangliomas.*” These have been 
accepted as being expressions of different degrees and directions of 
differentiation from common primordial cells. An extension of this 
concept might explain the concomitant occurrence of neurofibromas 
and paragangliomas. 


_ MELANIN PRODUCTION 


One of the cases reported by us (case 1) is a retroperitoneal para- 
ganglioma which was deeply pigmented. In attempting to identify the 
pigment, four substances were considered: hemosiderin, lipochrome, 
chromaffin granules, and melanin. The first three were eliminated from 
consideration and the pigment interpreted as melanin because it was 
iron-free, not soluble in fat solvents, bleached with hydrogen perox- 
ide, and darkened with 5 per cent aqueous silver nitrate. Baker ® 
has shown that these are the only chemical reactions which are of much 
practical value in the identification of brown pigment. 

Tyrosine, when oxidized in the presence of the enzyme tyrosinase, 
yields melanin.” It can also be used as the precursor of epinephrine.” 
The possibility of a similar source for melanin and epinephrine and 
the close chemical relationship of these substances make it seem rea- 
sonable that a neoplasm possessing the potential capacity to produce 
epinephrine might also produce melanin. 

Millar *' has reported a case of malignant ganglioneuroma of the 
7th thoracic sympathetic ganglion in which the ganglion cells contained 
melanin. Masson “ has traced the origin of melanomas of the skin to 
Meissner’s corpuscles which are composed of modified Schwann cells. 
Hyperpigmentation of the skin occurs before the development of, and 
in association with, multiple neurofibromas. Thus it would appear 
that a tumor derived from the cells which have origin from the neuro- 
ectodermal cells of the neural crest (paraganglioma, ganglioneuroma, 
neurofibroma, and ordinary melanomas of the skin) is apt to produce 
melanin. We are well aware that the definitive histogenesis of all of 
these tumors is not finally settled, but we believe that the accumu- 
lating facts lend support to the opinion of a common origin for these 
diverse neoplasms. 


SUMMARY AND CONCLUSIONS 


On the basis of the origin and distribution of paraganglion cells, 
tumors arising in the carotid body, appendix, and coccygeal body have 
been excluded from the group of paragangliomas. The chromaffin re- 
actions are not specific for paragangliomas. 
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The previously reported cases of paraganglioma, reviewed with re- 
gard to age and sex distribution, location of tumors, hormonal activity, 
and histologic appearance, exhibit a variability of cytologic pattern and 
a marked degree of pleomorphism, which is, nevertheless, consistent 
with a diagnosis of benign paraganglioma. A diagnosis of malignancy 
should not be made in the absence of invasion or metastases. 

There are 9 cases in which paragangliomas have occurred concur- 
rently with neurofibromatosis. This concomitance may depend upon 
different degrees and directions of differentiation of neural crest cells. 

Of the 5 original cases of paragangliomas which are described, one 
tumor was retroperitoneal and contained a brown pigment which was 
identified as melanin. The close chemical relationship between melanin 
and epinephrine is probably significant in this connection. 


REFERENCES 


1. Manasse, P. Ueber die hyperplastichen Tumoren der Nebennieren. Virchows 
Arch. f. path. Anat., 1893, 133, 391-404. 

2. Kohn, A. Das chromaffine Gewebe. Ergebn. d. Anat. u. Entwcklngsgesch., 1902, 
12, 253-348. 

3. Suzuki, S. Ueber zwei Tumoren aus Nebennierenmarkgewebe. Berl. klin. 
Wcehnschr., 1910, 47, 1623-1625. 

4. Labbé, M., Tinel, J., and Doumer. Crises solaires et hypertension paroxystique 
en rapport avec une tumeur surrénale. Bull. et mém. Soc. méd. d. hép. de 
Paris, 1922, 46, 982-990. 

5. Hollingsworth, R. K. Intrathoracic tumors of the sympathetic nervous system. 
Surg., Gynec. & Obst., 1946, 82, 682-693. 

6. Smith, C. The origin and development of the carotid body. Am. J. Anat., 
1924-25, 34, 87-131. 

7. Boyd, J. D. The development of the human carotid body. Contributions to 
Embryology, 1937, 26, 1-31. 

8. Masson, P. Carcinoids (argentaffin-cell tumors) and nerve hyperplasia of the 
appendicular mucosa. Am. J. Path., 1928, 4, 181-211. 

9. Huebschmann, P. Sur le carcinome primitif de ’appendice vermiculare. Rev. 
méd. de la Suisse Rom., 1910, 30, 317-332. 

10. De Castro, F. Sur la structure et l’innervation de la glande intercarotidienne 
(glomus caroticum) de homme et des mammiféres, et sur un nouveau sys- 
téme d’innervation autonome du nerf glossopharyngien. Trav. du lab. de 
recherches biol. de ?Univ. de Madrid, 1926, 24, 365-432. 

11. Lewis, D., and Geschickter, C. F. Tumors of the sympathetic nervous system; 
neuroblastoma, paraganglioma, ganglioneuroma. Arch. Surg., 1934, 28, 16-58. 

12. Bennett, H. S. Cytological manifestations of secretion in the adrenal medulla 
of the cat. Am. J. Anat., 1941, 69, 333-381. 

13. Henle, J. Ueber das Gewebe der Nebenniere und der Hypophyse. Zéschr. f. rat. 
Med., 1865, 24, 143-152. 

14. Hartman, F. A., and Blatz, W. E. Death produced by tying the adrenal veins. 

Endocrinology, 1919, 3, 137-144. 


1186 BRINES AND JENNINGS 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


33- 


34. 


Ogata, T., and Ogata, A. Uber die Henle’sche Chromreaktion der sogenannten 
chromaffinen Zellen und den mikrochemischen Nachweis des Adrenalins. 
Beitr. 2. path. Anat. u. 2. allg. Path., 1922-23, 71, 376-387. 

Gerard, P., Cordier, R., and Lison, L. Sur la nature de la réaction chromaffine. 
Bull. @histol. applig. 4 la physiol., 1930, 7, 133-139. 

Gomori, G. Staining of chromaffin tissue. Am. J. Clin. Path. (Tech. Sect.), 
1946, 16, 115-117. 

Mallory, F. B. Pathological Technique. W. B. Saunders Co., Philadelphia & 
London, 1938, p. 268. 

Folin, O., Cannon, W. B., and Denis, W. A new colorimetric method for the 
determination of epinephrine. J. Biol. Chem., 1912-13, 13, 477-483. 

Pick, L. Das Ganglioma embryonale sympathicum (Sympathoma embryonale). 
Berl. klin. Wchnschr., 1912, 49, 16-22. 

Belt, A. E., and Powell, T. O. Clinical manifestations of chromaifin cell tumors 
arising from suprarenal medulla; suprarenal sympathetic syndrome. Surg., 
Gynec. & Obst., 1934, 59, 9-24. 

Biskind, G. R., Meyer, M. A., and Beadner, S. A. Adrenal medullary tumor; 
phaeochromocytoma cured by surgical intervention. Clinical management. 
Analysis of all reported operated cases. J. Clin. Endocrinol., 1941, 1, 113-123. 


. Rosenthal, D. B., and Willis, R. A. The association of chromaffin tumours with 


neurofibromatosis. J. Path. & Bact., 1936, 42, 599-603. 


. Green, D. M. Pheochromocytoma and chronic hypertension. J. A. M. A., 1946, 


131, 1260-1265. 


. McGavack, T. H., Benjamin, J. W., Speer, F. D., and Klotz, S. Malignant 


pheochromocytoma of the adrenal medulla (paraganglioma); report of case 
simulating carcinoma of adrenal cortex with secondary adrenal insufficiency. 
J. Clin. Endocrinol., 1942, 2, 332-338. 


Mackeith, R. Adrenal-sympathetic syndrome; chromaffin tissue tumour with 
paroxysmal hypertension. Brit. Heart J., 1944, 6, 1-12. 


. Fingerland, A. Uber zwei Fille von Phaiochromocytom. Virchows Arch. f. path. 


Anat., 1942, 309, 218-234. 


. Soffer, L., Mencher, W. H., and Colp, R. Symposium on surgical diagnosis; 


pheochromocytoma of adrenal gland; report of 2 cases with operative re- 
moval of tumor. S. Clin. North America, 1946, 26, 368-381. 

Neff, F. C., Tice, G., Walker, G. A., and Okerblad, N. Adrenal tumor in female 
infant with hypertrichosis, hypertension, over-development of external geni- 
talia, obesity, but absence of breast enlargement. J. Clin. Endocrinol., 1942, 
2, 125-127. 


. Wahl, H. R., and Robinson, D. Neuroblastoma of the mediastinum with pheo- 


chromoblastomatous elements. Arch. Path., 1943, 35, 571-578. 


. Philips, B. Intrathoracic pheochromocytoma. Arch. Path., 1940, 30, 916-921. 
. Miller, J. W. Ein Paragangliom des Brustsympathicus. Centralbl. f. allg. Path. 


u. path, Anat., 1924-25, 35, 85-094. 

Waaler, E. A chromaffine tumour simulating Graves’ disease. Acta med. 
Scandinav., 1945-46, 123, I-11. 

Knake, E. Uber einen Fall von doppelseitigem Phaiochromocytom der Neben- 
niere und die Bedeutung des Adrenalins im klinischen Bilde dieser Ge- 
schwiilste. Virchows Arch. f. path. Anat., 1941-42, 308, 615-628. 


= 
= 
3 = 
|_| 
2 
= 
= 


35- 
36. 
37- 


38. 
39- 


40. 
41. 


42. 


43: 


44. 


45. 
46. 


47. 


48. 
49. 
50. 


51. 


52. 
53- 
54. 


PARAGANGLIOMAS 1187 


Fein, M. J., and Carman, F. F. Medullary carcinoma of the suprarenal gland 
(pheochromocytoma). Am. J. Cancer, 1937, 29, 301-306. 

LeCompte, P. M. Cushing’s syndrome with possible pheochromocytoma. Report 
of a case. Am. J. Path., 1944, 20, 689-707. 

Dolgin, W. Pheochromocytoma and sudden death following injury of the head. 
Report of a case with autopsy. Arch. Path., 1945, 40, 135-140. 

Raab, W. The pathogenic significance of adrenalin and related substances in the 
heart muscle. Exper. Med. & Surg., 1943, 1, 188-225. 

Hyman, A., and Mencher, W. H. Pheochromocytoma of the adrenal gland. 
J. Urol., 1943, 49, 755-776. 

Kelly, H. M., Piper, M. C., Wilder, R. M., and Walters, W. Case of paroxysmal 
hypertension with paraganglioma of the right suprarenal gland. Proc. Staff 
Meet., Mayo Clin., 1936, 11, 65-70. 

DeVries, A., Mandl, F., Rachmilevitz, M., and Ungar, H. Paroxysmal hyper- 
tension due to adrenal medullary tumor (pheochromocytoma). Surgery, 
1946, 19, 522-529. 

Hawk, P. B., Oser, B. L., and Summerson, W. H. Practical Physiological 
Chemistry. The Blakiston Co., Philadelphia & Toronto, 1947, ed. 12, p. 702. 

Mortell, E. J., and Whittle, J. P. Pheochromocytoma: case report with certain 
observations on the pathologic physiology. J. Clin. Endocrinol., 1945, 5, 
396-402. 

Strémbeck, J. P., and Hedberg, T. P. Tumor of the suprarenal medulla associ- 
ated with paroxysmal hypertension. Acta chir. Scandinav., 1939, 82, 177-189. 

Muntz, H. H., Ritchey, J. O., and Gatch, W. D. Adrenalin producing tumor 
(pheochromocytoma) containing 2300 mg. of adrenalin. Ann. Int. Med., 
1947, 26, 133-147. 

Thorn, G. W., Hindle, J. A., and Sandmeyer, J. A. Pheochromocytoma of the 
adrenal associated with persistent hypertension; case report. Ann. Int. Med., 
1944, 21, 122-130. 

Duncan, L. E., Jr., Semans, J. H., and Howard, J. E. Adrenal medullary tumor 
(pheochromocytoma) and diabetes mellitus; disappearance of diabetes after 
removal of tumor. Ann, Int. Med., 1944, 20, 815-821. 

McCullagh, E. P., and Engel, W. J. Pheochromocytoma with hypermetabolism. 
Report of two cases. Ann. Surg., 1942, 116, 61-75. 


Cabot case 32511. New England J. Med., 1946, 235, 906-910. 

Rodin, F. H. Hypertensive retinopathy associated with adrenal medullary 
tumor (pheochromocytoma). A new clinical entity. Arch. Ophth., 1945, 34, 
402-407. 

Colier, F. A., Field, H., Jr., and Durant, T. M. Chromaffin cell tumor causing 


paroxysmal hypertension, relieved by operation. Arch. Surg., 1934, 28, 
5136-1148. 

Roth, G. M., and Kvale, W. F. Tentative test for pheochromocytoma. Am. J. 
M. Sc., 1945, 210, 653-660. 


Brenner, F., Konzett, H., and Nagl, F. Ueber ein Phiochromozytom der Neben- 
niere. Miinchen. med. Wchnschr., 1938, 85, 914-916. 


Harrison, R. G. Neuroblast versus sheath cell in the development of peripheral 
nerves. J. Comp. Neurol., 1924, 37, 123-205. 


Stout, A. P. Neurofibroma and neurilemoma. Clin. Proc., 1946, 5, 1-12. 


| 
| 
| 
4 


1188 BRINES AND JENNINGS 


56. 
57- 
58. 
59- 
60. 
61. 


62. 


Wahl, H.R. Neuroblastomata: with a study of a case illustrating the three types 
that arise from the sympathetic system. J. M. Research, 1914, 30, 205-260. 

Stout, A. P. Ganglioneuroma of the sympathetic nervous system. Surg., Gynec. 
& Obst., 1947, 84, 101-110. 

Baker, M. R. A pigmented adenoma of the adrenal. Arch. Path., 1938, 26, 
845-852. 

Greenstein, J. P., and Algire, G. H. Comparative oxidase activity of melanotic 
and amelanotic melanomas. J. Nat. Cancer Inst., 1944-45, 5, 35-38. 

Edlbacher, S. The metabolism of proteins and animo acids. Ann. Rev. Biochem., 
1937, 6, 269-290. 

Millar, W. G. A malignant melanotic tumour of ganglion cells arising from a 
thoracic sympathetic ganglion. J. Path. & Bact., 1932, 35, 351-357. 

Masson, P. Les naevi pigmentaires, tumeurs nerveuses. Ann. d’anat. path., 
1926, 3, 417-453. Ibid., 1926, 3, 657-696. 


DESCRIPTION OF PLATES 


PLATE 192 


Fics. 1 and 2, Case 1. External and cut surfaces of paraganglioma. 


Fic. 3. Case 1. Pigmented area in tumor. Hematoxylin and eosin stain. X 240. 


Fic. 4. Case 1. Photomicrograph of nonpigmented area in tumor. Hematoxylin and 
eosin stain. X 240. 
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PLATE 193 


Fic. 5. Case 2. Paraganglioma of right adrenal; diffuse hypertrophy of opposite 
adrenal. 


Fic. 6. Case 2. Photomicrograph of representative area of the neoplasm. Hema- 
toxylin and eosin stain. X 240. 


Fic. 7. Case 2. Cytoplasmic granules and prominent nucleoli in tumor cells. Azo- 
carmine stain. X 516. 
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PLATE 194 


Fic. 8. Case 3. Photomicrograph of neoplasm showing hydropic cell area at upper 
right and granular cell area at left. Hematoxylin and eosin stain. X 120. 


Fic.9. Case 3. Multilocular vacuolation of cytoplasm in hydropic area. Hema- 
toxylin and eosin stain. X 516. 

Fic. 10. Case 3. Granular cytoplasm in darker staining areas. Hematoxylin and 
eosin stain. X 516. 
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PLATE 195 


Fics. 11 and 12. Case 4. Photomicrographs of representative areas. Many oval and 
spindle-shaped cells; some pleomorphism and prominent vascular spaces. Hema- 
toxylin and eosin stain. * 125 and X 512. 


Fic. 13. Case 5. Photograph of paraganglioma of left adrenal gland. 
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PLATE 196 


Fic. 14. Case 5. Photomicrograph of representative area of the neoplasm. Hema- 
toxylin and eosin stain. X 240. 

Fic. 15. Case 5. Distinct granules in cytoplasm and wide sinus-like vascular spaces. 
Hematoxylin and eosin stain. X 512. 
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THE CYTOLOGIC FEATURES OF CARCINOMAS AS STUDIED 
BY DIRECT SMEARS * 
Errx Hauprmann, M.D.+ 
(From the Department of Pathology, Duke University School of Medicine, 
Durham, N.C 

During the past 20 years the method of diagnosing cancer by visual 
examination of a single cell or a group of isolated cells has received 
more and more attention.~° The method is based upon the assump- 
tion that morphologic as well as functional differences distinguish can- 
cerous from noncancerous cells. The efficacy of the cytologic approach 
to the problem of tumor diagnosis is not yet proved. Its limitations and 
advantages are in part unknown, and only by controlled examination 
of large groups of tumors and normal tissues and experimentation 
with different methods will they be established. Therefore, this study 
was undertaken. 

Almost since the advent of Virchow’s cellular pathology attempts 
have been made to identify the characteristics of the cancer cell. The 
older work in this field was comprehensively reviewed by Quensel *? 
(1928) with particular emphasis upon the cytologic features of malig- 
nant cells in exudates. In the recrudescence of interest in this method 
of diagnosis, MacCarty ?*?° with his group *"* in the United States 
and Dudgeon **>'¢ with others ?*"* in England have been leaders in 
their respective countries. The development of the technic of needle 
biopsy of tumors *°** and the work of hematologists in the study of 
bone marrow,?** lymph nodes,®*-*® and spleen *° have all lent further 
impetus in this direction. Particular recognition must be extended to 
Papanicolaou ****? and others,**** who in recent years have cultivated 
the method of single cell diagnosis to a point where it has found wide- 
spread practical application, particularly in examination of body ex- 
cretions. 

Despite this mass of evidence, the value of cytologic diagnosis of tu- 
mors is not widely acknowledged. The greatest skepticism is found 
among pathologists, and not without reason. Although there is a great 
difference between Borst’s™ statement, “Die Geschwulstzelle, auch 
die bésartige, hat weder in morphologischer, noch in chemischer, noch 
in irgend einer anderen Hinsicht etwas absolut Charakteristisches an 
sich,’ and that of MacCallum, “No doubt, in time we shall have a 
reliable morphological criterion by which we may say definitely that 
an isolated cell is a cancer-cell or a normal cell,” both indicate that 
the problem of single cell diagnosis of cancer is still to be settled. Rea- 


* Received for publication, December 19, 1947. 
+ Rockefeller Foundation Fellow, from the University of Zagreb, Zagreb, Yugoslavia. 
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sons for this skepticism are found in the small number of tumors dealt 
with in most of the reports, the great variety of tumors within the small 
groups, the diversity of methods used, and often the inadequate num- 
ber of photomicrographs, limiting comparison of results. 

Detailed descriptions of cytologic characteristics, such as have been 
reported in bone marrow studies ** and more recently in investigations 
of lymph nodes ***® and spleens,*® have not been recorded for malig- 
nant tumors. As a consequence, cytologic descriptions of tumors are 
limited to generalities such as anisocytosis, peculiar structure of chro- 
matin and hyperchromasia of nucleus, size of nucleoli, or emphasis 
upon a detail (Quensel,*? MacCarty ?*"°) which may have statistical 
significance but is of little help in the interpretation of a given case. 

In contrast is the work of Papanicolaou’ and his followers.***®** 52-54 
Utilizing a standardized technic and concentrating upon the cells of 
body excretions (vaginal, bronchial, etc.), they have demonstrated 
the usefulness of cytologic diagnosis of carcinomas. 

From the above it appears that the most fruitful approach to this 
problem would be the examination of a large number of tumors, using 
a standardized technic and cataloging the changes which would make 
it possible to differentiate malignant from nonmalignant cells, regard- 
less of origin. Such careful studies might eventually reveal differences 
permitting further classification, i.e., carcinoma, sarcoma, or perhaps 
within a certain group even a detailed diagnosis, as is possible today 
with histologic methods (adenocarcinoma, squamous cell carcinoma, 
etc.). 

It is in this manner that the present study was carried out. The 
tumors examined wer limited to histologically proved carcinomas from 
various sites, and search for answers to the following questions guided 
the investigation: 

1. What are the cytologic characteristics of carcinomas studied by 
means of the smear technic? Or, rephrased, is it possible to distinguish 
between histologically recognized carcinoma and noncancerous tissue, 
using the cytologic method? 

2. Is there a cell or cells which characterize carcinomas, and are 
such cells always absent in noncancerous conditions? 

3. Is there any relationship between the organ from which the tumor 
arises and the type of carcinoma cells? That is, do the cells of a car- 
cinoma of the breast differ from those of a carcinoma of the stomach 
or skin? 

4. Is there any relationship between the structure of a given carci- 
noma (adenocarcinoma, squamous cell carcinoma) and its cytologic 
features? In other words, are the cells which make possible the cyto- 
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logic diagnosis of carcinoma the same in an adenocarcinoma as in a 
squamous cell carcinoma? 

5. Is the cytologic picture (smear) of a metastatic tumor the same 
as that of the primary tumor? 

TECHNIC 

The ideal method is to prepare smears of cells immediately upon 
removal of the tissue by the surgeon. Unfortunately, this was not 
possible in the majority of cases. Thus, the first problem was to de- 
termine what cellular changes occur following removal of tissue from 
the body. Since Rohr and Hafter *° have shown that the changes in 
bone marrow after death are progressive, all of the tissues used in this 
study were refrigerated (4.0° to 5.0° C.) as soon as possible in order 
to retard these autolytic changes. To determine what changes the 
cells undergo at this temperature and what medium might best pre- 
serve them, fresh specimens were placed in four test tubes: (1) Fresh 
tissue in formalin, (2) fresh tissue in 0.85 per cent solution of sodium 
chloride, (3) fresh tissue in human plasma, and (4) fresh tissue un- 
treated. All of the tubes were refrigerated (4.0° to 5.0° C.) and their 
contents examined in smears at intervals of 1 to 2, 6, 12, 24, 48, and 
72 hours. It was observed that cells placed in formalin showed great 
changes in their staining reactions in less than 1 hour; those areas to 
which formalin had not penetrated (center of specimen) showed no 
tinctorial change. The cells in a physiologic solution of sodium chlo- 
ride revealed remarkable changes within the first 12 hours—a fact 
noted many years ago by Forkner.*? The nuclei became swollen, the 
chromatin structure assumed an irregular, wide-meshed, net-like ap- 
pearance, and the nucleoli became more visible. Finally the cell dis- 
integrated. Cells suspended in human plasma, or untreated, showed 
almost no changes in staining reaction, cell form, or shape up to 24 
hours at refrigerator temperatures. After this, they usually changed 
slowly, but in a manner different from the cells suspended in physio- 
logic solution. Because of this experience all tissues which could not 
be examined immediately were placed under refrigeration in human 
plasma or untreated. 

The second problem was to discover which method would best pre- 
serve the cell form and size, and produce an even distribution of cells 
in the preparation. The usual methods for making smears described 
in the literature **"** and also touch preparations proved unsatisfac- 
tory for two reasons: (1) The cells were unevenly distributed and 
often were elongated in the direction of smearing; (2) tissues rich in 
mucus or fat (e.g., mucosa of the gastro-intestinal tract, breast tissue) 
gave smears very poor in cells; the same was true of tumors which 
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contained much fibrous tissue. These methods, however, gave good 
results in material obtained from lymph nodes, spleen, and squamous 
cell carcinoma. Very poor results were obtained with the crush meth- 
od ?%3:25 of forceful spreading of tissue between two slides; too many 
clumps of cells were present to permit uniform staining or to preserve 
the shape of the cells. 

The following method was found to be most satisfactory with all 
organs and tumors. A fragment of tissue, not larger than 2 to 4 mm. 
in diameter, was placed on a slide and covered with 3 or 4 drops of 
pooled human plasma. Using two needles, the tissue was teased apart 
until the plasma was clouded by the suspended cells. One drop was 
transferred to a coverslip and then covered with a second coverslip, 
producing an even distribution of the cell suspension. The coverslips 
were then pulled apart and dried. This method is similar to that used 
by some hematologists °* in the preparation of blood smears. 

The third problem was the selection of a stain. It was desired to 
preserve the cells as well as possible and, at the same time, to differ- 
entiate clearly the various cellular structures. Most of the methods 
described in the literature, judging from illustrations and descriptions, 
did not seem to give these desired results. Usually the chromatin of 
the nucleus was clumped so as to prevent recognition of the more 
delicate structures (Martin and Ellis’ ?* method with hematoxylin and 
eosin, Dudgeon and Barrett’s ? method with Schaudinn’s solution and 
subsequent treatment with hematoxylin, iodine, and eosin). It was 
found impractical to use the more sensitive method of supravital stain- 
ing described by Sabin ® or Quensel’s* method for examination of 
tumor cells, since in both cases it is necessary to use very fresh mate- 
rial, which was not always possible in this work. Two methods ap- 
peared to be better adapted to my purposes: The various combinations 
of Romanowsky stains currently in use in hematology,***" which show 
clearly the details of cells; and Papanicolaou’s* method, which has 
proved so popular in recent years in the examination of tumor cells 
of different body excretions (vaginal fluid, sputum, urine, gastric 
juice). Therefore, in this study several preparations of each specimen 
were stained, some with a combination of May-Griinwald-Giemsa’s 
stain, others with Wilson’s * stain, and still others by Papanicolaou’s 
method (hematoxylin-EA,;-OG,). Of the two hematologic methods, 
eventually only Wilson’s stain, because of its simplicity, was retained, 
although both methods gave equally good results. The material stained 
by Papanicolaou’s method was prepared upon slides, according to his 
directions.* In comparing the two methods (of Wilson and of Papanic- 

* Phosphate buffered Wright’s stain. 
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olaou), the details, particularly of the nucleus (chromatin structure), 
are more clearly differentiated by Wilson’s stain, although Papanic- 
olaou’s method was sometimes more valuable for studying cell out- 
lines. Specimens containing much fat, mucus, or colloid were likewise 
better stained by Papanicolaou’s technic. Wilson’s stain, on the other 
hand, had the advantage of bringing into greater contrast the nucleus 
(violet) and nucleolus (blue), as well as nucleus (violet) and cyto- 
plasm (light blue to dark gray-blue). With Papanicolaou’s method 
most of the tumor cell cytoplasm was stained green, the nucleus gray- 
ish violet. The nucleolus, although readily visible, appeared only as 
another variation of the same gray-violet; the chromatin was more 
distorted than when Wilson’s stain was used. Both methods have been 
used to complement each other in almost every case. 


MATERIAL 


In accordance with the questions stated in the introduction, two 
classes of material were examined: Histologically proved carcinomas, 
and normal and noncancerous (inflammatory, benign tumor, etc.) tis- 
sues from various sites. 

A total of 188 cases have been examined; 78 in the first group (carci- 
noma), and rro in the second (control) group, noncancerous. From the 
188 cases, 268 organs or tissues have been examined; 178 were non- 
cancerous, 9o fell into the carcinoma group. They have been individu- 
ally classified. For instance, if in a case of carcinoma of the cardia of 
the stomach, the tumor, the grossly unchanged mucosa of the fundus, 
and a mesenteric lymph node were examined, each area was separately 
classified as noncancerous or carcinomatous according to its histologic 
findings. In the same way two or more organs or tissues from a 
case without a carcinoma were individually examined and classified. 

The noncancerous tissues are listed in Table I, and the carcinomas, 
according to the organ from which they were taken, in Table II. It 
must be emphasized that the classification in Tables I and II is based 
not upon cytologic, but upon histologic, examination. In this manner 
each organ or tissue was appropriately cataloged as either noncancer- 
ous or carcinomatous. 

RESULTS 

It is not intended to describe in this paper the cytologic features of 
noncancerous organs or tissues in smear preparations, except in so far 
as it may be necessary to elucidate the differences between noncancer- 
ous processes and carcinoma. On the other hand, it is necessary to 
describe the cytologic characteristics of those tissues which have been 
classified histologically as carcinoma. 
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The over-all cytologic picture of the carcinoma smears shows certain 
characteristics which occur repeatedly. These characteristics, which 
may be subdivided, suggest a possible cytologic classification. Five 
types could be distinguished among the smears of 90 carcinomas: The 
squamous cell type, the columnar cell type, the round cell type, the 
undifferentiated cell type, and the oat cell type. 


Carcinoma Smears of Squamous Cell Type (Fig. 1) 


In carcinoma smears of squamous cell type, squamous cells were 
present in varying numbers, just as in smears of normal skin or mucous 
membranes (Fig. 6); most of the cells, however, were atypical, vary- 
ing in size, shape, and color. Instead of the usual polygonal form with 


Tasre I 
Tissues Histologically Classified as Noncancerous 


Number of 
specimens 
Organ (tissue) examined 


Esophagus 

Stomach (corpus and fundus, 8; pylorus, 2) 

Duodenum 

Jejunum 

Tleum (no lesion, 1; inflammation, 2) 

Colon 

Rectum 

Diverticulosis of intestine 

Polyp of colon 

Bronchus 

Lung (no lesion, 1; lung abscess, 3) 

Uterus (endometrium, 22; cervix (cervicitis), 26) 

Ovary 

Breast (chronic mastitis, 1; granulomatous lesion, 1; cystic hyperplasia, 2; 
fibrosing adenomatosis, 2; comedo-adenoma, 1; intracanalicular fibro- 
adenoma, 3; adenofibroma, 1) I 

Testis 

Benign prostatic hypertrophy 

Kidney (pyelonephrosis) 

Bladder 

Submandibular gland 

Mixed tumor of parotid 

Gallbladder (no lesion, 1; cholecystitis, 5) 

Thyroid (cystic nodular goiter, 1; nontoxic adenoma, 1; lymphadenoid 
goiter, 1; hyperplasia and hypertrophy, 2; fetal fibro-adenoma, 1; nodular 
colloid goiter, 1; embryonal adenoma, 1; nodular goiter with fetal ade- 
noma 1; colloid goiter,2; nodular thyroid, 1; nodular goiter with hyperpla- 
sia and colloid nodules, 1) 

Lymph node (no lesion, chronic inflammation, Boeck’s sarcoid) 


O OPH HUN 


“ 


Striated muscle 
Fibromyoma uteri 

Sinusitis maxillaris 
Nonspecific inflammation 
Epiglottis 

Lipoma 

Papilloma of abdominal wall 
Vagina 

Giant cell epulis 


Total 178 


Spleen 
Skin 
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a dense, dark, almost pyknotic nucleus and abundant cytoplasm which 
stains light pink or bluish, the cells often were elongated and stained 
darker blue, but were still pale; the nucleus sometimes was larger than 
is normal, and the chromatin might be net-like. These cells were read- 
ily recognized as variations from the normal squamous cell. Figures 7 
and 8 depict a group of cells which showed a close relationship to the 


Taste IT 
Neoplasms Histologically Classified as Carcinoma Listed by Location 

Number of 

specimens 

Location examined 
Lip 3 
Mouth 2 
Esophagus I 
Stomach 9 
Colon 7 
Rectum 8 
Larynx I 
Lung 4 
Mediastinum I 
Uterus (endometrium, 3; cervix uteri, 6; infiltrating from ovary, 1) 10 
Ovary (primary, 4; metastatic, 1) 5 
Vulva 2 
Breast 12 
Pancreas I 
Thyroid I 
Kidney I 
Bladder I 
Peritoneum (metastatic) 2 
eck I 
Lymph node (metastatic) 13 
Abdominal wall (metastatic) I 
Chest wall I 
Skin 3 
Total go 


squamous cells described above. Their cytoplasm was bluish, some- 
times blue, almost always well outlined; rarely, one or two borders 
merged gradually with the background. The size of the cell and its 
shape were more or less the same as those of the previously mentioned 
cells; sometimes they were slightly larger. Elongated forms and spindle- 
like types were more common than in the former. The nucleus, how- 
ever, was always larger, varying from the size of a large lymphocyte 
(8 to 10») to 15 w or more in diameter. When the nucleus was large, 
it formed the greater portion of the cell, so that the cytoplasm was 
relatively sparse. The nucleus, as a rule, was well delineated and 
round, rarely slightly oval. The chromatin formed a regular, medium- 
sized meshwork. It contained one nucleolus, rarely two or three, each 
2 or 3 w in diameter. Nucleoli were usually round and blue or bluish; 
exceptionally they were dark blue and slightly irregular. This cell is 
designated a “nucleolated squamous cell.” In some instances cells were 
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seen which resembled those found in the deeper layers of normal epi- 
thelium (basal cells, according to Papanicolaou*). They usually ap- 
peared in groups; single cells were seen rarely. These cells are hence- 
forth termed “malignant epithelial cells” (Figs. 9 and 10). They varied 
in size (10 to 20 »), and were rhomboid or polygonal. The cytoplasm 
was dark blue and rather sparse; it was not very sharply outlined, but 
the border was still visible. Sometimes keratin formation, as described 
by some authors,”* was seen in the cytoplasm in the form of red gran- 
ules, small rods, or dust. The main mass of the cell usually was con- 
stituted by the nucleus, which was oval to round and usually slightly 
irregular; large forms predominated. The chromatin was granular, 
irregular, rather coarse, amorphous, and often was condensed in the 
form of a ring at the periphery of the nucleus. The nucleoli were 
multiple (one to four), dark blue, irregular, poorly outlined, and 
measured 1 to 3 w or more in diameter. Another cell seen in smears of 
this type was a giant cell (Fig. 13), which always appeared singly. Ex- 
ceptionally as many as three or four per low-power field might be seen. 
The sparse cytoplasm, which stained dark blue, usually was present 
only at the poles of the nucleus, disappearing gradually without sharp 
borders at the periphery. Sometimes the cell contained small cyto- 
plasmic vacuoles. The nucleus was large (20 to 40 mw) and usually 
irregular because of many indentations. It possessed numerous nucle- 
oli, which were blue; but, because of the presence of small granules 
of dense chromatin which produced a turbid appearance, the nucleoli 
often were difficult to see. A fibroblast-like cell (Figs. 11 and 12) 
was frequently seen in these smears. It usually was-larger than true 
fibroblasts. The cytoplasm was darker, often dark gray-blue, poorly 
outlined and usually fringed at its margin. The nucleus was long, oval, 
and narrow; the chromatin was net-like, its strands sometimes thick 
and irregular; the nucleoli were light blue to blue. The term “pseudo- 
fibroblast” will be used to identify this cell. These cells varied in size 
and sometimes showed transitional forms to the above-mentioned giant 
cells and nucleolated squamous cells; on the other hand, it frequently 
was difficult to distinguish them from fibroblasts. Such cells have been 
described by Papanicolaou * and others in vaginal smears of carcinoma 
of the cervix. Comparing the smears with the histologic preparations 
led to the opinion that they probably are not fibroblasts. It is more 
probable that these spindle cells are derivatives of epithelium. In 
connection with this it should be mentioned that in experimental tumor 
transplantation occasionally a carcinoma will show sarcoma-like 
changes, that is, the appearance of spindle cells. The explanation 
(Ewing °°) is that the spindle cells represent derivatives of epithelium, 
rather than a change in the character of the tumor (carcinoma to sar- 
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coma). Besides cells of the four types mentioned above, in carcinoma 
smears of squamous cell type were found erythrocytes, leukocytes, 
fibrocytes, and fibroblasts. (For their description see Tischendorf.**) 

One or another cell form, as described above, may predominate in 
the smear. Basically, however, the smears show a very similar appear- 
ance. Smears of this type were found in cases of carcinoma of the lip, 
mouth, esophagus, larynx, bronchus, cervix uteri, vulva, kidney, skin, 
and in some metastatic carcinomas in lymph nodes. In one case of 
cervical “carcinoma in situ,” only such cells as are illustrated in Figure 
10 (malignant epithelial cells) were seen. 


Carcinoma Smears of Columnar Cell Type (Fig. 2) 


The columnar cell (Figs. 14 and 15) in all its variations character- 
ized this type. In its usual form it measured approximately 6 by 15 p, 
possessed a round to oval nucleus, and light blue to blue cytoplasm 
with well demarcated outlines. Sometimes red, dust-like granules 
were visible at one end of the cytoplasm. Among these cells were others 
which had larger nuclei. These sometimes were irregular; their chro- 
matin was arranged in strands of varying thickness. Often small, 
irregular nucleoli were seen. The cytoplasm of these cells was poorly 
defined and dark grayish blue. Another cell similar in many respects 
to those just described was found only in carcinomas (Fig. 16). It, 
too, was more or less columnar, showed the same variations as the 
above described cells, with the addition that usually two or three irreg- 
ular, dark blue nucleoli were present. Where only one nucleolus was 
found, it was large and round. The nucleoli might occasionally be pale 
but retained all the other properties described. This cell was named 
the “malignant columnar cell.” The third cell type, seen only in 
carcinomas, was the “undifferentiated cell” * (Fig. 19) with no cyto- 
plasm or with a little cytoplasm in the form of a narrow, perinuclear, 
light grayish zone. The nucleus measured 12 to 20 yw in diameter. It 
usually was round and irregular with net-like chromatin, the strands 
of which were rather thick, sometimes forming wide meshes. At other 
times the chromatin was more granular in appearance. The nucleoli 
were large, pale blue, irregular, and often multiple. Large round cells 
were seen also in smears of this type (Fig. 17). They usually were 
round and relatively well delineated. The nucleus usually was about 
12 to 18 w in diameter, round, and predominantly regular. The chro- 
matin did not form strands in most of these cells, but usually was 
amorphous in appearance and irregularly distributed, producing darker 
and lighter areas. The nucleoli were round, dark blue, and often masked 
by the dense chromatin, so that their borders were not clearly visible. 


*The term “undifferentiated cell’? is one of convenience. Whether it is cytogenetically 
less differentiated than the other cells is not known. 
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In other cases in which the chromatin formed an irregular, coarse net, 
the nucleoli were seen readily and were round, large (3 to 8 w), and 
blue. The cytoplasm was bluish or blue and well preserved in many 
of these cells; in some, however, its margins faded gradually into the 
background. These cells, examined under low power, frequently re- 
sembled plasma cells, at first glance. The large, round cells might 
achieve considerable size so that they formed giant cells (Fig. 18) 
comparable in magnitude to those seen in the squamous cell smear. 
However, the cytoplasm of these cells, in contrast to that of the giant 
cells of the squamous cell smear, surrounded the nucleus and was not 
localized largely at the poles. This appearance suggested that the cells 
were derived from the large round cells. Giant cells, as illustrated in 
Figure 13 and described in connection with smears of the squamous 
cell type, were seen also in the smears of the columnar type. The same 
was true of the pseudofibroblast (Fig. 12). Both of these forms were 
rare in smears of this type, as compared to those of the squamous cell 
type. In addition to the above-mentioned cells, leukocytes, erythro- 
cytes, fibroblasts, fibrocytes, and macrophages were present. 
Carcinoma smears of the columnar cell type have been found in 
carcinomas of the stomach, colon, rectum, and ovary, and in some 
metastatic carcinomas of lymph nodes. 


Carcinoma Smears of Round Cell Type (Fig. 3) 


In some cases classified as carcinoma of round cell type, large, round 
cells (Figs. 17 and 18) composed the entire smear; in other cases 
some columnar cells (Fig. 16) were present. The impression, in the 
latter event, might be that of a smear of the columnar type with pre- 
dominance of large, round cells. In other instances no columnar cells 
could be seen. In addition, a few undifferentiated cells might be 
visible. 

Smears of this type have been seen chiefly from carcinomas of the 
cardia of the stomach and in some carcinomas of the breast, lung, pan- 
creas, bladder, and uterus. This type was seen twice in smears of 
metastatic carcinoma. 


Carcinoma Smears of Undifferentiated Cell Type (Fig. 4) 


What has been said of smears of the round cell type may also be 
repeated in a description of the undifferentiated cell type, with the 
difference that the predominating cell was that previously described 
as the “undifferentiated cell” (Fig. 19). Smears which revealed such 
a picture have been obtained from carcinomas of the stomach, colon, 
rectum, ovary, and breast. 
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Carcinoma Smears of Oat Cell Type (Fig. 5) 


The word “oat” is used for this type because the characterizing cells 
resembled those found in the sputum of patients with carcinoma of 
the respiratory tract and described as oat cells. Two forms of small 
cells were seen in this type. One represented cells which could not be 
differentiated from those of normal organs or tissues. The nucleus was 
the size of that of a small to large lymphocyte with little variation in 
size and shape; it was round to oval. The chromatin usually was dense, 
sometimes granular and irregularly distributed. Nucleoli were very 
rare. No cytoplasm was present, or, if present, it appeared only as a 
narrow bluish zone about the nucleus. The cells usually appeared in 
large sheets and might be compared to the type which Rohr and Heg- 
glin *® have designated “‘kleinzelliger Carcinom Typ” in bone marrow. 
There appears to be justification for their opinion that a diagnosis 
may not be made on the basis of a single cell, but only from cells which 
occur in the form of sheets. Whether the latter is true in every case is, 
in my opinion, open to question, because in some smears of chronically 
inflamed spleens and lymph nodes similar cells have been found, often 
in small groups. 

The second small cell is that described in the literature ** as the oat 
cell of bronchial carcinoma. It was similar to the first small cell, except 
that it possessed a definite but narrow rim of blue cytoplasm. The 
cytoplasm formed a short bipolar process. This cell likewise appeared 
frequently in sheets, but might sometimes be recognized when isolated. 
Finally it should be mentioned that, just as in the smears of the first 
two types, other cells were present: erythrocytes, leukocytes, fibro- 
blasts, fibrocytes, and macrophages. 

Smears of this type were seen in one case of carcinoma of the thy- 
roid, in a case of pulmonary carcinoma, and in almost half of the 
proved metastatic carcinomas in lymph nodes. 

Table III presents the different types of smears and the histologic 
classification of the carcinomas from which the smears were made. 


DiscussIONn 


1. What are the cytologic characteristics of carcinomas studied by 
means of the smear technic? Is it possible to distinguish between 
histologically recognized carcinoma and noncancerous tissue using the 
cytologic method of study? 

The most widespread and accepted method of cancer diagnosis— 
histologic study of tissue—is based upon the recognition of several 
changes in structure, many of which are cytologic: increase in the 
number of cells, marked variation in their size and shape differing from 
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the original cell type, increase of the chromatin mass, large nucleoli, 
multiple and abnormal mitotic figures, loss of polarity, and infiltration 
of the surrounding tissue (Aschoff,®°° Ewing,®® MacCallum ®). All may 
be studied by cytologic methods except the last, which is often con- 
sidered the most important. Since cytologic technics preserve the com- 
ponents of a cell in greater detail than the methods of histology, vari- 


Taste IIT 
Types of Carcinoma Smears with Corresponding Histologic Classification 


Type of smear Histologic classification 


Squamous cell type, 29 Squamous cell carcinoma (lip, 3; mouth, 2; esophagus, 
1; larynx, 1; lung, 1; cervix uteri, 4; vulva, 2; lymph 
nodes, 5; skin, 2) 

Carcinoma (bronchogenic, 2; kidney, 1; neck, 1; 
cervix uteri (in situ), 1 

Tissue with degenerating neoplastic(?) cells (skin, 1) 

Benign* (chronic cervicitis, 1; cervix with no lesion, 1) 


Columnar cell type, 22 Adenocarcinoma (stomach, 4; colon, 5; rectum, 6; 
endometrium, 1; uterus, 1; ovary, 2; lymph node, 2) 
Malignant adenoma (uterus, 1) 


Round cell type, 13 Adenocarcinoma (stomach, 3; cervix uteri, 1; en- 
dometrium, 1; lymph node, 1) 

Carcinoma (lung, I; pancreas, 1; bladder, 1; medi- 
astinum, 1; duct cell of breast, 1; canalicular of 
breast, ; medullary of breast, 1) 


Undifferentiated cell type, 14 Adenocarcinoma (stomach, 2; rectum, 1; colon, 1; 
peritoneum, 2; abdominal wall, 1; ovary, 3) 

Carcinoma (rectum, 1; chest wall, 1; scirrhous of 
breast, 1; medullary of breast, 1) 


Oat cell type, 9 Adenocarcinoma (thyroid, 1) 

Carcinoma (colon, 1; lymph node, 5) 

Benign* (nodular hyperplasia and fibrosing adeno- 
matosis of breast, 1; cystic hyperplasia of breast, 1) 


No finding, 4 Carcinoma (canalicular of breast, 2; scirrhous of 
breast, 2 


*These cases will receive further comment. 


ous cytologists from time to time have selected one or more of the 
above characteristics as their criteria for cancerous changes. 

The opinion popular among older authors (literature by Quensel *) 
was that cancerous cells are larger than normal cells, and that the 
ratio of nucleus to cytoplasm is changed in favor of the former. This 
observation also has been made more recently,*** but the change is 
considered suggestive, rather than characteristic, of malignancy. My 
smears showed that the majority of carcinomas do have larger cells 
than those of the tissue from which they arose. It appeared impossible, 
however, to make a diagnosis of malignancy on the basis of the size of 
a cell or the ratio of nucleus to cytoplasm. 
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Quensel **? studied malignant cells in body fluids using the method 
of supravital staining. He stated that the nucleolus is of diagnostic 
importance. In his cases of carcinoma the nucleoli varied in diameter 
from 3 to 10 w; exceptionally they were smaller, 1.5 to 2 uw. In contrast, 
the nucleoli of endothelial cells (control) measured 1 to 1.5 pw, very 
occasionally 2 to 3 pw. He showed that the size of the nucleolus in 
carcinoma is independent of that of its nucleus. This is indicated by 
the ratio, nucleolus:nucleus, which is 0.20 to 0.60 in carcinoma, as 
compared to 0.14 to 0.20 or less in endothelial or other cells. Further 
characteristics of malignancy, which Quensel considered less important, 
are giant vacuoles (larger than 40 ») and irregular sheet formation 
with partial or total overlapping of nuclei, as compared to other cells 
in body fluids in which the vacuoles are smaller and the cells form 
“plaques.” The change in the size of nucleoli was not found in sar- 
comas. Quensel’s results were confirmed by Zadek and Karp™ and 
Zadek,**** who studied tumors of pleura, peritoneum, lung, and uro- 
genital tract. MacCarty and his co-workers,?**®"* using a different 
method, arrived at similar results showing that the ratio of the nucleo- 
lar to nuclear surface, estimated as an average from a large number of 
cells ( 25 to 100), was always greater in malignant processes than in 
any other lesions of a particular organ (tissue). This ratio varied from 
1:5 to 1:17 in malignancy and from 1:13 to 1:45 in control cases; 
they considered this ratio to be of diagnostic value. Rohr and Hegglin 
showed that in the bone marrow only a certain number of carcinomas 
possess the cell characteristics which Quensel ascribed to them. Other 
carcinoma cells may have small nucleoli or even none. Thus, while it 
may be that a large nucleolus or a certain ratio of the nuclear diam- 
eter (surface) to that of the nucleolus may be characteristic of carci- 
noma cells in body fluids, it is not necessarily true for carcinoma cells 
in general. Similar observations have been made on my material. 
Quensel and MacCarty’s observations seem applicable to a large num- 
ber of my carcinomas (stomach, breast, and endometrium). Many 
others, however (lung, thyroid, and some of the breast carcinomas) 
did not fit into this scheme. The cells of metastatic tumors often had 
only small nucleoli or none. 

Irregularity of cell shape and size, changes in the structure of chro- 
matin, and atypical staining reactions of cytoplasm have been stressed 
by almost every author who has studied malignant tumors cytologically, 
either directly from the tumor or in excretions and body fluids. These 
changes have not been considered diagnostic, but only suggestive of 
malignancy. Similar changes can be seen in inflammatory lesions as 
well as in benign tumors, usually, however, to a lesser extent. The 
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same opinion may be expressed concerning irregular sheet formation 
with overlapping of nuclei. While this phenomenon is common in 
carcinoma, it can be seen also in other processes (inflammation). In 
summary, therefore, it may be said that many cellular changes sug- 
gest malignancy but are neither sufficiently constant nor sufficiently 
prominent to establish their diagnostic significance. When seen in a 
smear, they should, however, awaken the suspicion of the observer. 

These suggestive changes as seen in my material are summarized in 
Table IV. As may be seen in this table, which is based on the study of 
smears from go carcinomas, there were certain cellular changes sug- 
gestive of a process which may not be benign. The size of the indi- 
vidual cell in carcinoma smears was, in general, larger than that in 
noncancerous processes; this was especially noticeable when the cells 
were compared with those of the tissue from which the carcinoma 
arose. Variation in size and shape might often be very marked, al- 
though some tumors showed a relatively uniform cell picture (instances 
of carcinoma of bronchus, carcinoma of thyroid). The cells were 
individually disposed or were present in sheets. When in the latter 
form, the nuclei were partially superimposed and polarity was lost to 
a greater or lesser degree, as compared with noncancerous processes, 
in which the “plaques” consisted of a single layer of cells, the nuclei of 
which were regularly arranged. There were, however, noncancerous 
processes which might show the same phenomena as carcinoma, 
but to a lesser extent. The adhesion of cells to form groups of various 
sizes and shapes was much more commonly seen in noncancerous epi- 
thelium than in carcinomas, in which most of the cells usually lay 
separated from each other. 

The cytoplasm of the cells in carcinoma smears was either scanty or 
poorly outlined, merging gradually with the background. Few of the 
carcinomas possessed cells which were relatively rich in cytoplasm 
(nucleolated squamous cells, Fig. 7; some of the malignant columnar 
cells, Fig. 16). The cytoplasm varied from light grayish pink to blue 
and often dark gray-blue. Noncancerous cells usually were light blue 
to blue and, in addition, had more abundant and better outlined cyto- 
plasm. 

The same morphologic variations which were described in carcinoma 
cells, in general, can be said to characterize the nucleus. It was usually 
larger than that of the control group and sometimes attained giant 
dimensions (Figs. 13 and 18). It was round to slightly oval, often 
irregular, in contrast to the nucleus of noncancerous tissue, which was 
more regular. Anisonucleosis and poikilonucleosis were almost always 
present in the cytologic picture of carcinoma, rarely in the control 
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group. When, therefore, a high degree of irregularity was present in 
a noncancerous process and a low degree in a carcinoma, they were 
indistinguishable on this basis. 

The chromatin in the control group was dense and clumped; if net- 
like, it was regular and delicate. In carcinomas the chromatin was 
irregular, was composed of coarse strands, and formed a net-like struc- 
ture. This was sometimes small-meshed, and at other times showed 
large, irregular meshes; both forms might be present in the same smear. 
In still other cases the chromatin formed a grid of coarse strands or 
consisted of irregular, coarse granules; it might have a dense, irregu- 
lar, amorphous appearance. At times the chromatin was condensed 
in the form of a ring at the periphery of the nucleus. 

The nucleolus, considered by many authors to be one of the most 
suggestive or even diagnostic indices of malignancy, particularly in 
carcinoma, was not visible in the majority of the cells of the control 
group. When present, it usually was not larger than 1 to 2 » in diam- 
eter. It was regular and stained light blue or the same color as the 
chromatin. Exceptions, however, were found: in some of my speci- 
mens, identified histologically as progestational endometrium, the nu- 
cleoli were large and sometimes stained dark blue; the same was noted 
in some examples of atrophic endometrium, in tubular epithelium of 
a case of chronic pyelonephritis, and in the mucosal cells of a bladder 
with carcinoma. The smear from the last mentioned was obtained from 
an area reported histologically as showing “no lesion.” The nucleolus 
of carcinoma cells assumed very peculiar forms (Text-Fig. 1). It might 
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a. b. c. d. e. f. 


Text-Figure 1. Appearance of nucleoli in malignant cells. 


attain giant proportions up to the size of a small lymphocyte (6 p) 
and occupy most of the nuclear mass (c). Nucleoli might be multiple, 
and were then usually irregular (a, d). The color might be light blue 
(a, b, c), as seen in noncancerous material, or dark grayish blue (d, 
e, f). Sometimes the outlines were indistinct and the nucleolar sub- 
stance merged into the surrounding chromatin (f). At other times 
the nucleoli might be partially hidden in the mass of chromatin (giant 
cells, large round cells). 
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The nucleus-cytoplasm ratio, in my smear material, has often 
aroused the suspicion that carcinoma might be present, namely, when 
the mass of the nucleus was obviously larger in proportion to cyto- 
plasmic mass than in the control cells. However, as already indicated, 
this cannot be considered a rule. The same may be said of the ratio 
of the nucleolar surface and/or diameter to that of the nucleus, which 
in carcinoma is usually much greater than in the control group. Za- 
dek °''°? stated that the nucleolus-nucleus ratio is 1:4 to 1:20 in carci- 
noma cells in body fluids, compared to 1:25 to 1:100 in endothelial 
cells. MacCarty claimed that by his method the ratio is 1:5 to 1:17 
in malignant processes, as against 1:13 to 1:45 in noncancerous proc- 
esses. Since my method (smear) is different from that of Zadek (supra- 
vital stain) and of MacCarty (sections of fresh tissue), it is impossible 
to confirm or deny their conclusions. 

Many of the changes mentioned above are seen also in histologic 
sections and are constantly utilized by pathologists. The smear tech- 
nic permits better preservation of cytologic details and therefore more 
exact observation of minute structures. It must again be stressed that 
all of the features described above are suggestive, rather than diag- 
nostic, of carcinoma. Extreme variations, however, may eventually 
prove to be diagnostic. 

2. Is there a cell, or are there cells, which characterize carcinomas, 
and are they always absent in noncancerous conditions? 

If malignant tumors express their abnormality not only in tissue 
structure (irregularity, infiltration), but also in cell structure, there 
arise two possibilities of recognizing cancer by its isolated cells: All 
of the cells of a tumor may have morphologic characteristics indicative 
of malignancy; during the development of a malignant tumor some 
of the cells may possess or acquire morphologic peculiarities as a con- 
sequence of abnormal function. It is these “peculiar” cells which 
would appear to be of importance in the recognition of cancer. 

Smears of five different types, as previously described, were found 
in my material of 90 carcinomas, which were obtained from various 
organs and parts of the body and represented diverse histologic cate- 
gories (adenocarcinoma, squamous cell carcinoma, comedo-carcinoma). 
A number of atypical cells were seen which were not found in smears 
of the control group,* consisting of 178 specimens from normal organs, 
inflamed tissues, and benign tumors. The atypical cells, listed below, 
were constantly present in the carcinoma smears of appropriate type: 

(a) The nucleolated squamous cell (Figs. 7 and 8) 


* Four exceptions to this statement are described in succeeding paragraphs. 
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(b) The malignant giant cell (Fig. 13) 
(c) The malignant epithelial cell resembling basal cells (Figs. 9 
and 10) 

(d) The pseudofibroblast (Figs. 11 and 12) 

(e) The malignant columnar cell (Fig. 16) 

(f) The undifferentiated cell (Fig. 19) 

(g) The large round cell (Figs. 17 and 18) 

(h) The oat cell (Fig. 5), only if in large sheets 

These cells have been described above; the names have been selected 
on the basis of the most impressive feature of each. Cell d (pseudo- 
fibroblast) is not always distinguishable from fibroblasts; cell / (oat 
cell) is usually recognizable only when in sheets. 

In some of the types of smears one of the above listed cells may pre- 
dominate, or may be so numerous as to give the impression of being 
the only form present. This is usually the case in smears of the un- 
differentiated and round cell types. In other smears more than one 
kind of atypical cell was seen, as in the squamous cell type (nucleo- 
lated squamous cell, pseudofibroblast, giant cell), and in the colum- 
nar cell type (malignant columnar cell, large round cell, undifferenti- 
ated cell). Besides these atypical cells, in the majority of smears the 
proper cells of the organ in which the carcinoma was situated were 
seen also. In many cases it seemed possible to trace transitional forms 
from the atypical cells seen only in carcinoma smears to the epithelial 
cells of the control group. It should again be stressed that the atypical 
forms (a to /) are not considered to be the only malignant cells, since 
in smears of histologically proved metastases cells were seen which 
could not be distinguished from those found in inflammatory or other 
noncancerous processes. Another example of this observation is the 
smear of the oat cell type, in which often no cells were present which 
could not be found in the control group, and only the abnormal loca- 
tion and arrangement of the cells made probable the diagnosis of 
carcinoma. The assumption that a pathologic process may manifest 
itself in function only, without morphologic expression, would explain 
this finding. 

Because previous workers ***' frequently have sought a common 
denominator among the structures of cells obtained from malignant 
tumors, an attempt was made to find such factors in atypical cells 
(a to h) (size of nucleolus, giant vacuoles, ratio of nucleolus to nu- 
cleus). None had general application. The cells (a to #) as units 
differ from the cells of the control group, but not in their parts. The 
possibility may not be abandoned, however, that in some tumors one 
detail of the cell may be sufficiently constant and characteristic to 
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establish its diagnostic value. Quensel * and others 7** made such claims 
for the nucleolus of carcinoma cells in body fluids. The general appli- 
cation of such a rule does not seem to me to be justified. 

For the 188 cases examined, there was agreement between the histo- 
logic diagnosis and the conclusion reached from the examination of 
smears in 179 cases. In the remaining 9 cases the conclusion reached 
from smears was apparently falsely positive in 5 instances and falsely 
negative in 4. These 9 cases are summarized in the following para- 


graphs. 
A. Apparently False Positives 


1. Case 33 was a 35-year-old female considered clinically to have a carcinoma 
(stage I) of the cervix. Histologic examination did not confirm the diagnosis, but 
showed a chronic cervicitis. The smear revealed a squamous cell carcinomatous type. 

2. Case 37 was a 34-year-old female with a clinical diagnosis of menorrhagia. 
Sections removed from the corpus uteri showed progestational endometrium; from 
the cervix, no lesions. Smears of the cervix revealed some nucleolated squamous 
cells with a more grayish violet cytoplasm than is usually seen in this cell form. 
No other cells of types a to h were seen. 

3. Case 172 was a 66-year-old male with a clinical diagnosis of carcinoma of the 
face (temporal area). The pathologist reported: “Here and there in the dermis 
are isolated atypical cells with hyperchromatic nuclei that possibly are degenerating 
neoplastic elements, but of this we cannot be certain.” The smear showed cells of 
characteristic squamous cell carcinoma type. 

4. Case 185 was a 26-year-old female with a questionable clinical diagnosis of 
carcinoma of the breast. Sections taken for biopsy showed cystic hyperplasia of the 
breast; the smear showed the oat cell type. 

5. Case 188 was a 20-year-old female with the clinical diagnosis of questionable 
benign tumor of the breast. Sections taken for biopsy showed lobular hyperplasia 
and fibrosing adenomatosis of the breast. The smears showed again the oat cell 
type and some giant cells, as illustrated in Figure 13. 


B. Apparently False Negatives 


1. Case 78 was a 46-year-old female. The clinical diagnosis was carcinoma of 
the breast; the histologic diagnosis was canalicular carcinoma of breast. The smear 
made from tissue in the neighborhood of the removed tumor could not be evaluated 
because of changes due to the antiseptic agent used in that area. Another smear taken 
from the periphery of the breast was negative for cells a to h. 

2. Case 103 was a 45-year-old female with the questionable clinical diagnosis of 
carcinoma of the breast. The sections showed comedo-carcinoma of breast. The 
smear taken from the neighborhood of the tumor was negative for cells a to A. 

3. Case 127 was a 43-year-old female. The clinical diagnosis was breast tumor; 
the histologic diagnosis, scirrhous carcinoma. The smear was negative. 

4. Case 215 was a 57-year-old female. The clinical diagnosis was carcinoma of 
the breast; the histologic diagnosis, scirrhous carcinoma. The smear taken from the 
depth of the tumor showed only different forms of epithelial and connective tissue 
cells. 


In the group of apparently false positive diagnoses, cases 33 and 172 
presented the characteristic squamous cell type, despite the absence of 
carcinoma in the histologic preparations. I cannot explain this dis- 
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crepancy. Some investigators *** using Papanicolaou’s method on va- 
ginal smears have noted false positives similar to mine. The correct- 
ness of one or the other finding can be determined only by observa- 
tion of the patient’s future course. Cases 37, 185, and 188 showed only 
a few cells of types a to A. 

In the second group of apparently false negative diagnoses, the fail- 
ure to detect tumor cells in the smears from cases 78 and 103 is not 
significant, since the tissue was taken from the neighborhood of the 
tumor rather than from the tumor itself. Although the possibility of 
failure in these cases was realized, the smear was taken nevertheless, 
since in some cases tumor cells were detected far from the neo- 
plastic center and from locations which the pathologist reported as 
containing “no lesion” (Fig. 20). Cases 127 and 215 must be con- 
sidered failures. It is of interest that most instances of disagreement 
between histologic diagnosis and cytologic findings occurred in breast 
tissue (6 of 9). A possible reason, at least for the negative cytologic 
findings, is the large amount of fat present, which makes it more diffi- 
cult to obtain satisfactory smears. 

In summary, specimens from 268 regions were examined from the 
188 cases. In 9 instances the cytologic and histologic findings were 
in apparent disagreement. One or another form of atypical cell (@ to 
h) was found in the smears of 86 of 90 histologically recognized carci- 
nomas. Usually more than one cell form appeared in the individual 
smear. Similar atypical cells have been found also in 4 cases classified 
histologically as noncancerous. In the smears of 174 of 178 speci- 
mens histologically classified as noncancerous (no lesion, inflammation, 
benign tumor) the search for cells a to # gave negative results. 

3. Is there any relationship between the organ from which a tumor 
arises and the type of carcinoma cells? That is, do the cells of a 
carcinoma of the breast differ from those of a carcinoma of the stomach 
or the skin? 

This material indicates that the organ within which a carcinoma arises 
exerts little influence upon the type of smear from that carcinoma. 
However, as has already been shown (Table III), smears of certain 
types are seen more frequently in certain organs than in others. This 
is probably dependent upon the type of epithelium which exists in that 
particular organ. Thus, the squamous cell type is met commonly in 
neoplasms of organs which normally possess squamous epithelium; the 
columnar cell type predominates in neoplasms of the mucosa of the 
gastro-intestinal tract. This is shown in Table V. 

4. Is there any relationship between the structure of a given carci- 
noma (adenocarcinoma, squamous cell carcinoma) and its cytologic 
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character in smears? Are the cells which make possible the cytologic 
recognition of carcinoma the same in an adenocarcinoma as in a squa- 
mous cell carcinoma? 
Table VI shows the relationship between the histologic structure of : 
carcinomas and the types of smears obtained from them. 
As may be seen, the type of the smear is related to the histologic 


V 
Relationship Between Site of Carcinoma and Type of Smear 


Type of smear 
Undiffer- 
Squamous | Columnar Round entiated Oat No 
Organ cell cell cell cell finding Total 

Lip 3 3 
Mouth 2 2 
Esophagus I I 
Stomach 4 3 2 9 
Colon 5 I I 7 
Rectum 6 2 8 
Larynx I I 
Lung 3 t 4 
Mediastinum I I 
Uterus 5(2)* 8 2 10(2) 
Ovary 2 5 
Vulva 2 2 
Breast 4 4 (2) 4 12(2) 
Pancreas I I 
Thyroid I I 
Kidney I I 
Bladder I 
Peritoneum 2 2 
Neck I I 
Lymph node 5 2 I 5 13 
Abdominal wall I I 
Chest wall I I 
Skin 3 3 

Total 27(2) 22 14 16 7(2) 4 90(4) 


*Numbers in parentheses indicate negative histologic findings. 


classification. All of the squamous cell carcinomas yielded smears of 
squamous cell type. The adenocarcinomas, however, are distributed 
among the columnar, round, undifferentiated, and oat cell types with 
predominance of the first three. The group classified histologically 
only as “carcinoma” produced smears of different types, since it em- 
braced cases of carcinoma whose histologic appearance did not permit 
a more detailed classification. The special forms of breast tumors (duct 
carcinoma and canalicular carcinoma) fall into the round cell and 
undifferentiated types. 

5. Is the cytologic picture (type of smear) of a metastatic tumor 
the same as that of the primary tumor? 
It may be seen (Table VII) that of 17 examples of metastatic carci- 


d 
i 


1220 


HAUPTMANN 


noma, 6 retained the original pattern in the metastases, 5 changed into 
the oat cell type of smear, whereas for the remaining 6 no conclusions 
could be drawn because the primary carcinoma was not available 
for study. As may be noted, when a change occurred in the metastases, 
it was always to the oat cell type, regardless of the type represented by 
the primary tumor. This change was seen only in metastases in lymph 
nodes. The results, although too few in number to justify conclusions, 


Taste VI 


Relationship Between Histologic Diagnosis and Type of Smear 


Histologic 
diagnosis 


Type of smear 


Squamous 
cell 


Columnar 


Round 
cell 


Undiffer- 
entiated 
cell 


No 
finding 


Squamous cell 
carcinoma 
Adenocarcinoma 


Adenoma, 


malignant 
Carcinoma (with- 
out classifica- 


tion) 


Duct cell car- 


cinoma 
Canalicular 


carcinoma 


Medullary 


carcinoma 
Scirrhous car- 


cinoma 
Benign 


20 


(2)* 


21 7 


10 3 


(2) 


20 
Al 


19 


Total 


27(2) 


22 


14 


16 


7(2) 


*Numbers in parentheses indicate negative histologic findings. 


Taste VII 
Comparison of Cytologic Findings in Primary Carcinomas and Their Metastases 
Primary tumor Metastases 
Organ Histologic diagnosis Type of smear Organ Type of smear 
Mouth Squamous cell Lymph node Squamous 
carcinoma 

Stomach | Adenocarcinoma | Undifferentiated | Lymph node Oat cell 
Stomach | Adenocarcinoma | Columnar Lymph node Columnar 
Stomach | Adenocarcinoma | Round Mediastinum Round 
Colon Adenocarcinoma | Columnar Lymph node Columnar 
Colon Adenocarcinoma Ovary Columnar 
Rectum Adenocarcinoma | Columnar Lymph node Oat cell 
Bronchus | Carcinoma Squamous Lymph node (1) | Oat cell 
Bronchus | Carcinoma Squamous Lymph node (2) | Oat cell 
Lung Carcinoma Round Lymph node Round 
Ovary Adenocarcinoma Uterus Columnar 
Ovary Adenocarcinoma | Undifferentiated | Peritoneum Undifferentiated 
Breast Carcinoma Undifferentiated | Lymph node Oat cell 
Skin Carcinoma Lymph node Squamous 
Neck Squamous Squamous Lymph node Squamous 
Scalp Squamous Lymph node Squamous 

Lymph node Squamous 


| | 7 4 4 4 
I 2 
= (4) 
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have been discussed because of the relative lack of attention given to 
this finding in the literature (Naidu **). 


CoNCLUSIONS 
Ninety carcinomas were studied cytologically, utilizing both Wilson’s 
and Papanicolaou’s stains. The smears were made directly from the 
tumors and were compared to similar preparations from 178 non- 
cancerous tissues. 


Eight cell types were recognized as characteristic of carcinoma and 
were found in 86 of the go histologically proved cancers. Similar cells 
were found in only 5 of the 178 noncancerous controls. 

A larger number of cases must be studied before the validity of other 
cytologic expressions of carcinoma may be considered as proved. 


I wish to express my sincere appreciation to Dr. Wiley D. Forbus for the oppor- 
tunity to carry out this work, and to Dr. Bernard Black-Schaffer for his many help- 
ful suggestions and criticisms of it. 
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DESCRIPTION OF PLATES 


PLATE 197 


Fic. 1. Case 148. Bronchogenic carcinoma; smear of squamous cell type. Wilson’s 
stain. X 137. 


Fic. 2. Case 52a. Adenocarcinoma of rectum; smear of columnar cell type. Wilson’s 
stain. X 295. 


Fic. 3. Case 21. Ductus cell carcinoma of mammary gland; smear of round cell 
type. Wilson’s stain. X 137. 


Fic. 4. Case 150. Adenocarcinoma of ovary; smear of undifferentiated cell type. 
Wilson’s stain. X 295. 
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PLATE 198 


Fic. 5. Case r1oc. Adenocarcinoma of thyroid; smear of oat cell type. Wilson's 
stain. X 295. 


Fic. 6. Case 75a. Chronic cervicitis; squamous cells. Wilson’s stain. X 684. 


Fic. 7. Case 111a. Squamous cell carcinoma of cervix uteri; nucleolated squamous 
cells. Wilson’s stain. X 684. 


Fic. 8. Case 148. Bronchogenic carcinoma; nucleolated squamous cells. Wilson’s 
stain. X 684. 
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PLATE 199 


g. Case 58. Squamous cell carcinoma of vulva; malignant epithelial cells. 
Wilson's stain. X 684. 
1o. Case 11. Carcinoma in situ of cervix uteri; malignant epithelial cells. 
Wilson's stain. X 684. 
11. Case 158b. Squamous cell carcinoma of esophagus; pseudofibroblasts. 
Wilson’s stain. X 295. 


12. Case 111a. Squamous cell carcinoma of cervix uteri; pseudofibroblast be- 
tween two other cells, one in mitosis. Wilson’s stain. X 684. 
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PLATE 200 


. 13. Case 119. Squamous cell carcinoma of lip; malignant giant cell. Wilson’s 
stain. X 684. 


14. Case 24a. Chronic granulomatous inflammation of lung; columnar cells 
from bronchial epithelium. Wilson’s stain. X 684. 


15. Case 140a. Chronic cervicitis and endocervicitis. columnar cells. Wilson’s 
stain. X 684. 


16. Case 52a. Adenocarcinoma of rectum; malignant columnar cells. Wilson’s 
stain. X 684. 
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PLATE 201 


17. Case 21. Duct cell carcinoma of mammary gland; large round cells. Wil- 
son’s stain. X 684. 


18. Case 14a. Adenocarcinoma of stomach; large round cells (giant form). Wil- 
son’s stain. X 684. 


19. Case 150. Adenocarcinoma of ovary; undifferentiated cells. Wilson’s stain. 
X 684. 


20. Case 15b. Adenocarcinoma of stomach; tumor cells in fundic mucosa, his- 
tologically classified as ‘‘no lesion.” Wilson’s stain. X 350. 
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DIFFUSE INTERSTITIAL MYOCARDITIS IN CHILDREN * 


Recinatp K. House, M.D.7 


(From the Department of Pathology, The Children’s Hospital and The 
Infants’ Hospital, Boston 15, Mass.) 


In recent years there have appeared in the literature reports of a 
diffuse interstitial myocarditis of obscure etiology. What appears to be 
the same pathologic entity has been variously described as isolated, 
primary interstitial, circumscribed, diffuse, idiopathic, acute, subacute 
and chronic isolated, and has been termed myocarditis perniciosa, 
granulomatous myocarditis, and Fiedler’s myocarditis. 

No attempt will be made to review the literature, since Saphir and 
his associates *~* have done this thoroughly. It is difficult to arrive at 
any clear definition of this diffuse type of myocarditis, but it is gen- 
erally agreed that it is a nonspecific inflammatory reaction of uncertain 
etiology. It is rarely diagnosed clinically, and most cases remain un- 
diagnosed until the tissues are examined microscopically. The patient 
exhibits progressive myocardial failure, tachycardia, cardiac enlarge- 
ment, cyanosis, and low blood pressure. The course tends to be rapid 
and death may ensue suddenly. At autopsy, the pathologist has little 
to aid him in making a gross diagnosis, but usually there is evidence 
of congestive cardiac failure. The heart is enlarged and dilated, and 
the myocardium tends to be flabby and paler than is normal. Micro- 
scopic examination reveals infiltration of the myocardium by lympho- 
cytes, large mononuclear cells, polymorphonuclear leukocytes, eosino- 
phils, and plasma cells without involvement of the pericardium or endo- 
cardium. An inflammatory lesion of this type is more frequently seen 
than others, although Saphir called attention to the granulomatous 
type, which has appeared in case reports. Neither the gross nor the 
microscopic findings explain the pathologic changes found in the heart, 
and it is usually this organ that shows the major lesion. It should be 
emphasized that the histologic picture is nonspecific and similar to 
that seen in the diffuse myocarditis associated with various infectious 
diseases. Yet, as Saphir stated in his review, one is justified in accept- 
ing the occurrence of isolated myocarditis in the sense of a more or 
less diffuse inflammatory lesion if every known cause for this type of 
myocarditis is ruled out and if there is present no major pathologic 
condition involving either the endocardium and pericardium or the 
entire body. 


* Presented in part at the Forty-Fourth Annual Meeting of The American Associ- 

ation of Pathologists and Bacteriologists, Chicago, May 17, 1947. 
Received for publication, January 4, 1948. 

+ Now at Dartmouth Medical School, Hanover, N.H. 
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A recent autopsy of an infant performed at The Children’s Hos- 
pital, Boston, revealed findings which were consistent with myocarditis 
of this type. The cases of myocarditis at this hospital thereupon were 
reviewed, and among them were found 4 which seemed to fit this classi- 
fication. Since most instances of diffuse interstitial myocarditis of 
unknown etiology have been reported in adults, it has seemed appropri- 
ate to present the reports of these in infants. 


Report OF CASES 
Case 1 


B. C., a 3-weeks-old girl, was admitted to the Infants’ and Children’s Hospital 
(no. 18940) on September 22, 1933, because of projectile vomiting, cyanecis, and 
dyspnea of 3 hours’ duration. The family history was noncontributory. Delivery 
had been accomplished by high forceps. The birth weight was 10% lb. The his- 
tory of the first 3 weeks of life was uneventful. The patient had been breast-fed 
and was thought to be perfectly normal and healthy. Three hours before admission 
she awakened and vomited forcibly, and in 134 hours she became very cyanotic, 
with labored respirations which continued until admission. 

Physical examination revealed a well developed and well nourished female infant 
in extremis, with labored and rapid respirations and cyanosis. The anterior fonta- 
nelle was full but not tense, and the sutures were slightly separated. The pharynx 
was mildly injected. There was respiratory retraction of the costal margins. Cardiac 
dullness extended to the left anterior axillary border. The lungs were resonant and 
without rales. The abdomen was full, with the liver palpable down to the iliac 
crest and the spleen barely so. A roentgenogram of the chest showed marked en- 
largement of the heart and diffuse pulmonary congestion. The impression of the 
roentgenologist was congenital heart disease with passive pulmonary congestion. 

The hemoglobin was 75 per cent; the red blood cell count, 4,900,000; and the 
white blood cell count, 32,000, with 61 per cent polymorphonuclear leukocytes, 38 
per cent lymphocytes, and 1 per cent monocytes. Culture of the blood proved to 
be negative. Wassermann and Hinton tests of the blood of both parents gave 
negative reactions. A spinal fluid reaction was negative. 

The infant failed to respond to therapy and died 7 hours after admission. The 
clinical diagnosis was congenital malformation of the heart with cardiac de- 
compensation. 

Autopsy Findings 

Autopsy, performed 12 hours after death, revealed a well developed 
and well nourished infant with marked lividity. The abdomen was 
slightly protuberant and markedly tense. The peritoneal cavity con- 
tained a considerable amount of clear, yellow fluid. The liver extended 
4.5 cm. below the costal margin in the midline and the spleen was just 
visible on the left. Each pleural cavity contained 4 cc. of clear, straw- 
colored fluid. The heart and lungs together weighed 130 gm. The 
heart was increased in size. On the anterior surface of the left 
ventricle and directly in the path of the descending ramus of the left 
coronary artery was a slightly depressed yellow-gray area of softening 
which measured 8 by 5 mm. There were two similar but smaller, 
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soft, yellow-gray areas near the left border of the left ventricle. The 
muscle of the apex of the left ventricle was thin. Throughout the 
course of both coronary arteries, the periarterial tissue was slightly 
raised and moderately firm. At a point 1.4 cm. above the area of 
softening and extending for a distance of 0.6 cm. there was a loss of 
pericoronary prominence, which gave an appearance of loss of contour 
of the artery. No congenital abnormalities were observed during com- 
plete dissection. The areas of softening in the myocardium were yellow- 
gray, but they did not appear to involve the pericardium or endo- 
cardium. The rest of the myocardium was slightly increased in opacity, 
dark pink and gray. Near the two small areas of softening there was 
observed a round, firm lesion, 1 mm. in diameter, which was thought 
by the examiner to be a thrombosed vessel. Both coronary arteries had 
slight tortuosity. The lungs were not remarkable except that on 
sectioning there was evidence of bronchopneumonia. The liver and 
spleen were congested and weighed 146 and 16 gm. respectively, some- 
what overweight for the age. The brain was not remarkable. From 
cultures taken from the lung at the time of autopsy there were grown 
Staphylococcus aureus, Escherichia coli, and pneumococcus. There 
was no growth from the heart’s blood. The impression from the gross 
findings was early bronchopneumonia and an enlarged heart of unknown 
cause. 

Microscopic Examination. Tissues were fixed in Zenker’s solution 
and in formalin. Multiple sections of the heart were stained with 
hematoxylin and eosin, Giemsa’s, Gram’s, Foot’s reticulum, Levaditi’s, 
and Ziehl-Neelsen stains. Sections taken through the softened areas 
mentioned in the gross description revealed widespread and diffuse 
absence of cardiac musculature with a moderate infiltration by poly- 
morphonuclear leukocytes, lymphocytes, plasma cells, macrophages, 
and large mononuclear cells. These cells had large, vesicular, oval 
nuclei and scanty eosinophilic cytoplasm. The majority of the muscle 
fibers had been replaced by young granulomatous tissue. Although 
there were fibroblasts present, newly ingrowing capillaries were the 
prominent feature. In this region remnants of cardiac muscle, without 
striations, and vacuolated and poorly stained, were observed. There 
was extravasation of red cells in many fields. The lesion was not cir- 
cumscribed, but it was irregular and penetrated into areas of normal 
appearing muscle fibers. For the most part, the muscle tissue imme- 
diately adjacent to the inflammatory reaction showed loss of striations, 
vacuolation, and an occasional pyknotic nucleus. Here there was mod- 
erate interstitial infiltration by similar inflammatory cells. In one 
section the lesion approached the endocardium, but there was minimal 
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exudation. There was no definite evidence of pericarditis, although 
the inflammatory reaction penetrated to the pericardium. On the 
epicardium there was no recognizable fibrin deposition or exudate. 
The blood vessels throughout were dilated and congested, but there 
was no suggestion of arteritis. The auricular musculature in one sec- 
tion showed interstitial edema, but there was no interstitial lesion. 
Sections of the main coronary arteries did not exhibit abnormal histo- 
logic findings. Foot’s reticulum stain showed no increase in the stroma 
in the area of greatest damage. Gram’s and Giemsa’s stains failed to 
reveal any bacteria or inclusion bodies. Ziehl-Neelsen’s and Levaditi’s 
stains were also negative. Tissue was not available for fat stains. 

The microscopic sections of the other tissues were noncontributory 
except for moderate interstitial pneumonia, toxic splenitis, chronic 
passive congestion, and slight fatty change of the liver. 


Case 2 


L. R., a 13-months-old girl, was admitted on February 24, 1941 (no. 24543), 
with persistent listlessness, drowsiness, anorexia, and dyspnea of 3 weeks’ duration. 
The family history was irrelevant except that the father was under treatment for 
leukemia. This was the mother’s first pregnancy and it had been uneventful. The 
birth weight was 5 lbs., 14 oz. The baby was breast-fed for 4 days and then 
transferred to formula because the mother had developed pneumonia. The infant 
was well and very active until 5 weeks before admission, when she developed an 
upper respiratory infection, which apparently cleared up within a few days. The 
medication consisted of oily nose drops. Three weeks before admission the patient 
had difficulty in breathing, refused her feedings, and became listless. The family 
physician found no elevation of temperature and made a diagnosis of bronchitis. 
The patient continued to do poorly and the breathing became progressively worse, 
but the mother found that the baby was more comfortable when sitting up. On 
repeated visits by the family physician, the temperature was never elevated. 

The physical examination revealed an acutely ill but well developed and well 
nourished female infant. The temperature was 100.6° F.; pulse, 160; respirations, 
84. The pharynx and tonsils were red. There were a few enlarged cervical lymph 
nodes. There was dullness over the right upper chest anteriorly and in the right 
interscapular region. Coarse rhonchi were heard over the entire chest, with many 
rales in the right lower lobe and the right axilla. The borders of the heart could 
not be made out. There was a definite gallop rhythm, and the heart sounds were of 
poor quality; no murmurs were heard. The liver and spleen were palpable 2 
fingerbreadths and 1 fingerbreadth below the costal margin, respectively. There 
were no other masses or tenderness. Roentgenograms of the chest revealed a 
markedly enlarged heart and fine mottling of both lung fields. The radiologic 
report was carciac dilatation and pulmonary edema, consistent with circulatory 
collapse. The hemoglobin was 50 per cent and the white blood cell count 13,000, 
with 50 per cent polymorphonuclear leukocytes. 

On the patient’s return to the ward following roentgenologic examination of 
the chest, she became dyspneic, and despite artificial respiration and stimulants 
she died 2 hours and 5 minutes after admission. The clinical diagnosis was pneu- 
monia with cardiac failure. 
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Autopsy Findings 

Autopsy, performed 2 hours after death, was restricted to the 
thorax and abdomen. The body was well developed and well nourished. 

The right and left pleural cavities contained 32 and 50 cc. of clear, 
yellow fluid, respectively. The liver edge extended 5 cm. below the 
xiphoid process and the spleen 2 cm. below the left costal margin. 
The heart weighed 90 gm., as compared with a normal weight for this 
age of 44 gm. The myocardium was pale red-brown and flabby. There 
were no congenital abnormalities. The weight of both lungs was 257 
gm., compared with the normal weight for this age of 121 gm. Both 
were congested, with increased consistency and decreased crepitance. 
The cut surface revealed bright pink tissue with large amounts of 
frothy pink fluid exuding. In some areas it exhibited a meaty, red ap- 
pearance. The spleen and liver were both slightly enlarged, and there 
was gross evidence of fatty change of the liver. No other important 
gross findings were in evidence. Cultures of the heart’s blood and 
fluid from the thoracic cavity were negative, but in cultures of the right 
lung was grown a type 19 pneumococcus. The gross findings were 
pneumonitis and hypertrophy of the heart, the cause of which was 
obscure. 

Microscopic Examination. Tissues were fixed in Zenker’s solution 
and in formalin. Sections of the heart were stained with hematoxylin 
and eosin, Giemsa’s, Gram’s, and Foot’s reticulum stains, and schar- 
lach R. The sections of the left ventricle revealed a diffuse intersti- 
tial infiltration by lymphocytes, predominantly, but there were occa- 
sional plasma cells, polymorphonuclear leukocytes, a rare eosinophil, 
and large mononuclear cells with large vesicular nuclei and abundant 
eosinophilic cytoplasm. Although the exudation was widespread in 
the left ventricle, it was not uniform throughout. There were many 
focal collections, and in some areas these were closely packed, par- 
ticularly adjacent to the pericardium, where they formed groups in 
which the continuity of the muscle fibers was interrupted. There was 
a minimal involvement of the pericardium, with foci and scattered 
exudative cells beneath this layer. There was no inflammatory re- 
action on the epicardial surface. The endocardium was involved also 
in that portion contiguous with the myocardium, but not to a marked 
degree. The endocardium of the left auricle was thickened by an 
increase in the fibrous tissue. It was also edematous, but the endo- 
thelium was intact and without exudation. A section of a valve leaflet 
revealed some separation and fragmentation of the connective tissue, 
but there was no evidence of thickening, vascularization, or cellular 
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infiltration. The cardiac musculature exhibited little definite evidence 
of degeneration. The myocardial fibers were well preserved and with- 
out loss of striations, and only in a few areas were there occasional 
muscle fibers with fragmentation and shrinking, and distorted pyknotic 
nuclei. There was, however, a diffuse interstitial edema. The process 
in the left auricle was similar to that in the left ventricle but was much 
less severe. There were small focal collections of lymphocytes. The 
right ventricle also presented the same histologic picture as the left 
auricle. There appeared to be no involvement of the vascular system 
of the myocardium; neither was there any evidence of Aschoff bodies. 
Foot’s reticulum stain was noncontributory, nor did Gram’s or Giem- 
sa’s stains demonstrate bacteria or inclusion bodies. The scharlach R 
stain showed no demonstrable increase in stainable fat. 

The other microscopic findings were congestion and edema of the 
lungs, a mild interstitial pneumonia, toxic splenitis, toxic adenitis, and 
fatty change of the liver. 


Case 3 


D. C., an 11-months-old girl, entered the hospital for the second time on August 
28, 1946 (no. A-301221), with cough and fever of 2 weeks’ duration. The family 
history was noncontributory. The patient had two older siblings living and well. 
The mother’s pregnancy had been uneventful except for edema of the ankles, and 
the delivery had been normal. The neonatal course was without complication until 
at 2144 months of age, when the patient developed an upper respiratory infection 
followed at 3 months by diarrhea. At this time she was first admitted to the 
hospital. She was placed on penicillin and chemotherapy, but in spite of this the 
diarrhea persisted for the first few weeks. The temperature ranged from normal 
to 103°F. Twenty-three days after admission, bilateral mastoiditis was demon- 
strated roentgenologically. Bilateral antrotomy was performed, but the patient 
showed little improvement until 1 week after the operation, when improvement was 
rapid. She was discharged home on February 3, 1946, 31 days after admission. 

The patient was apparently well until 2 weeks before the second admission, 
when she developed a cough, fever, and grunting respirations. Four days before 
admission she received her last injection of whooping cough vaccine, and a mixture 
of diphtheria and tetanus toxoids. 

The physical examination revealed an acutely ill infant with respirations of 84 
and a temperature of 103°F. She became cyanotic on crying. The chest revealed 
slight inspiratory retraction, hyperresonance, and expiratory wheezes. The liver 
was palpable but there were no other abdominal masses. Fluoroscopy revealed an 
enlarged heart and poorly aerated lungs. Roentgenologic examination of the chest 
on the first admission had shown the heart to be of normal size. The white blood 
cell count was 15,000, with 60 per cent lymphocytes and 28 per cent polymorpho- 
nuclear leukocytes. The infant failed rapidly in spite of oxygen, steam, penicillin, 
sulfadiazine, and aminophylline and died 15 hours after admission. The clinical 
diagnosis was acute bronchiolitis. 


Autopsy Findings 


Autopsy, performed 6 hours after death, revealed a well developed 
and nourished female infant with slight pitting edema of the feet and 
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cyanosis of the lips. Examination was restricted to the thorax and 
abdomen. The liver edge was 4 cm. below the xiphoid process. There 
was no fluid in either pleural cavity. The heart was enlarged and 
dilated. The myocardium seemed normal except for the region of the 
interventricular septum, where there was some gray streaking. The 
endocardium was smooth and glistening except for moderate opacity 
and thickening in the region of the septum. The coronary arteries 
were injected by the technic of Schlesinger * and no anomalies or de- 
fects were found. The lungs exhibited some atelectasis and emphy- 
sema. There was evidence to support the diagnosis of aspiration 
pneumonia. The abdominal viscera were congested and edematous. 
In cultures of the heart’s blood Escherichia coli was grown, but the 
lung cultures were negative. The gross findings were consistent with 
congestive cardiac failure. The cause for cardiac hypertrophy was not 
established. 

Microscopic Examination. Tissues were fixed in Zenker’s solution 
and in formalin. Multiple sections of the heart were stained with 
hematoxylin and eosin, Giemsa’s, Gram’s, Foot’s reticulum, and Wei- 
gert’s elastic tissue stains, and scharlach R. All sections of the left 
ventricle were histologically similar. They presented a diffuse inter- 
stitial infiltration by lymphocytes with occasional polymorphonuclear 
leukocytes, plasma cells, and a rare eosinophil. The exudation was not 
uniform and in many areas exhibited large, ovoid collections of lympho- 
cytes. In these particular areas the muscle fibers had lost their con- 
tinuity and were not recognizable as such. In the remaining myo- 
cardium there was little evidence of damage except in one area, where 
there was a fine interstitial fibrosis adjacent to the endocardium. There 
was an occasional muscle fiber which showed hyaline degeneration, 
but the majority appeared histologically normal. There was, however, 
a diffuse, moderate, interstitial edema. The epicardium was not in- 
volved except that the exudate seemed to be more abundant in the 
myocardium adjacent to it. Nowhere was there evidence of pericardi- 
tis. The left ventricular endocardium was thickened by fibrous tissue, 
and there was a slight infiltration of this tissue that was contiguous 
with the myocardium. The interventricular myocardium presented an 
identical picture with an abundant lymphocytic exudate and edema 
that was more severe than that seen in the left ventricle. Sections of 
the right ventricle and left auricle also showed a similar interstitial 
exudation. Here the focal collections and scattered lymphocytes were 
much less abundant. Sections of the right auricle presented only a 
minimal inflammatory reaction. There appeared to be no abnormality 
of the coronary arteries. Sections of the mitral, aortic, and tricuspid 
valves showed no lesions except for slight edema. Weigert’s stain 
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revealed increased elastic tissue in the left ventricular endocardium. 
Foot’s reticulum stain showed no apparent increase in reticulum except 
for one section of the left ventricle, which revealed an increase in 
fibrous tissue of the myocardium, near the endocardium. Giemsa’s and 
Gram’s stains demonstrated no evidence of bacteria or inclusion bod- 
ies. Scharlach R stain revealed no increase in stainable fat. 

The other microscopic findings were a mild interstitial pneumonia, 
an aspiration pneumonia, edema and congestion of the lungs, lymphoid 
hyperplasia, and fatty change of the liver. 


Case 4 


R. D., a 12-months-old boy, was admitted on October 15, 1946 (no. A-46-235). 
He was in good health until 2 weeks before admission, when suddenly, while sitting 
in a chair, he began to scream as if in pain, developed pallor, and sweated profusely. 
This persisted for 15 minutes and subsided as abruptly as it had begun. Following 
this episode the patient was irritable, ate poorly, and sat up in order to sleep. In 
the 2 weeks preceding admission there were three or four attacks of a similar nature, 
lasting the same length of time, and with some of them there was retching but no 
vomiting. They had no particular relationship to activity or feeding. There was no 
fever, but a gradual increase in dyspnea, malaise, anorexia, and some blueness of 
the lips were noted. 

Physical examination revealed an acutely ill infant, well nourished and well 
developed. The temperature was 100.8°F.; pulse, 180; respirations, 78. The blood 
pressure was 90/65 mm. of Hg. The skin was moist and gray-white. No edema was 
present. There were fine inspiratory rales over both lung bases. The heart was 
enlarged to percussion and the sounds were of poor quality. The rate was rapid 
but the rhythm was regular. The liver edge was felt at the iliac crest and the 
spleen was just palpable. Roentgenologic examination of the chest showed the 
heart to be markedly enlarged to the right and left, with considerable enlargement 
of the pulmonary vessels and congestion and edema of the lung fields. 

The electrocardiogram showed sinus tachycardia, right axis deviation, and low 
T waves in all leads. Examination of the urine showed 0 to 1 plus albumin. The 
hemoglobin ranged from 9.6 to 13.1 gm.; red blood cells, 4.0 to 4.75 millions; 
white blood cells, 7,100 to 16,500, with 5 to 54 per cent polymorphonuclear leuko- 
cytes, 36 to 94 per cent lymphocytes, 8 to 1 per cent monocytes, and 1 per cent 
eosinophils. No pathogens grew in a culture from the nose. A glucose-tolerance 
test and an adrenalin-tolerance test gave normal reactions, 

The patient improved under treatment with oxygen, digitalization, thiocalcin by 
rectum, and sedation. The pulse dropped to 108 and the liver edge was palpable 
at the umbilicus. Repeated roentgenograms of the chest showed clearing of the 
lungs and a gradual decrease in size of the cardiac silhouette. The patient did well 
and was discharged home on the 24th hospital day, although the pulse remained 
above 100. On the day after discharge he developed an upper respiratory infection, 
followed in 24 hours by anorexia, dyspnea, and an ashen-gray color. He was re- 
admitted on the 3rd day after discharge. The findings were similar to those of the 
first admission, and similar therapy was instituted with the addition of chemo- 
therapy. However, chemotherapy was stopped within 2 days because of a decrease 
in the white blood cell count and a marked shift to lymphocytes. The second 
electrocardiogram showed sinus tachycardia, right axis deviation, low T-1, diphasic 
T-2, and inverted T-3. Aside from nasopharyngitis, the patient did well and was 
discharged to a convalescent home 3% weeks after the second admission. Within 
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24 hours after discharge he developed fever, cough, dyspnea, and restlessness, and 
was readmitted in a moribund state. He died 2 hours after admission, approxi- 
mately 66 days after the onset of illness. The clinical diagnoses were myocarditis, 
pneumonia, and congestive cardiac failure. 


Autopsy Findings 

Autopsy was performed 12 hours after death. Each pleural cavity 
contained so cc. of clear, yellow fluid, while the pericardial sac con- 
tained 20 cc. The heart was dilated and weighed 111 gm., as compared 
with a normal weight of 45 gm. The pericardium was smooth and 
glistening and presented several small petechiae. The myocardium 
was soft, flabby, and red-brown, and in some areas was paler than is 
normal. The endocardium of the left ventricle was opaque and on 
section the surface appeared to be slightly thickened. No congenital 
abnormalities were seen. The lungs were increased in weight, con- 
gested, and edematous. There was some gross evidence of pneumo- 
nitis. There was congestion of the abdominal viscera with enlargement 
of both the liver and the spleen. The brain was edematous and con- 
gested. The findings were consistent with congestive cardiac failure. 
A post-mortem blood culture yielded no growth, while from the lung 
alpha streptococcus and Micrococcus catarrhalis were grown. The 
cause for hypertrophy of the heart was not found. 

Microscopic Examination. Tissues were fixed in Zenker’s solution 
and in formalin. Sections of the heart were stained with hematoxylin 
and eosin, Gram’s, Giemsa’s, Foot’s reticulum, Weigert’s elastic, and 
scharlach R stains. Sections of the left ventricle revealed an inter- 
stitial infiltration by lymphocytes, polymorphonuclear leukocytes, 
plasma cells, and eosinophils. The predominant cells were lymphocytic. 
The infiltrate was not uniform throughout the sections. In some, it 
was abundant with many focal collections, and in areas it appeared 
to be more prominent in the vicinity of the pericardium. Other sec- 
tions showed minimal involvement. The moderate amount of subepi- 
cardial fat showed some cellular infiltration, but nowhere did there 
appear to be any recognizable pericarditis. Many of the exudative cells 
were in the vicinity of the coronary arteries, but there was no evidence 
of a vascular lesion. There was moderate thickening of the left ven- 
tricular endocardium by fibrous tissue, but here again there was mini- 
mal involvement of the endocardium by inflammatory cells in areas 
contiguous with the myocardium. There was moderate interstitial 
edema of the myocardium, but there was little evidence of degenera- 
tion. Only in the focal areas of lymphocytes were the myocardial fibers 
absent. In general, the cardiac muscle was well preserved and only 
occasionally was there a pyknotic nucleus. There was moderate con- 
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gestion of all blood vessels. The right ventricle presented similar 
interstitial infiltration, predominantly by lymphocytes. The exudate 
was spotty and much less severe than that of the left ventricle. Here 
again it was more abundant near the epicardium. Sections of the left 
and right auricle showed only an occasional focus of lymphocytes in 
close proximity to small arterioles; the Weigert stain exhibited a slight 
increase in elastic fibers in the left ventricular myocardium. Giemsa’s 
and Gram’s stains were negative for bacterial inclusion bodies. Foot’s 
reticulum stain showed no increase in connective tissue. Glycogen and 
scharlach R stains gave only negative results. Sections of the mitral 
valve revealed no evidence of abnormal structure. 

Other microscopic findings were a terminal bronchopneumonia, 
moderate congestion of liver and spleen, and toxic splenitis. 


DISCUSSION 


It is not the primary purpose of this paper to discuss the clinical 
aspects of these cases, but there were striking similarities in all four. 
The onset of symptoms was relatively of short duration, ranging from 
3 hours to 3 weeks. Except for case 3, the mothers had observed cya- 
nosis, dyspnea, and anorexia. The family and past histories were all 
essentially noncontributory except for case 3, and these factors will be 
discussed in relation to possible etiologic agents. On admission to the 
hospital the patients were acutely ill, with rapid pulse, labored respira- 
tions, and an elevated temperature. There was enlargement of the 
heart either by physical examination or roentgenologically. Several 
electrocardiograms were done in case 4 and all showed sinus tachy- 
cardia, right axis deviation, and low T-waves in all leads, which sug- 
gested myocarditis or a digitalis effect. The lungs presented positive 
findings by percussion and auscultation, except for case 1. The liver 
and spleen were palpable in all cases except case 3, in which only the 
liver was felt. The course in the hospital was of short duration in the 
first 3 cases, and was measured in hours. Only in case 4 did the patient 
survive sufficiently long for an adequate clinical study. The patho- 
logic findings were essentially the same. The bodies were well de- 
veloped and well nourished. The heart was enlarged and dilated, and 
an adequate cause for hypertrophy was not demonstrated at the time 
of the autopsy. Congenital abnormalities were lacking. The coronary 
circulation followed the usual anatomic pattern, although in case 1 the 
prosector believed that he was dealing with a possible coronary occlu- 
sion. Microscopic sections of the coronary arteries, however, did not 
substantiate the gross impression. None of the types of coronary 
occlusion described by Stryker ° were found. The myocardial lesions 
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of case 1 did not resemble either tuberculosis or syphilis. Neither did 
this case resemble the characteristic granulomatous lesion described 
by Saphir,? Magner,® and Jonas." This form of myocarditis is a 
clearly defined one, not unlike known granulomas and sometimes con- 
fused with syphilis and tuberculosis. It may well be that the heart 
of case 1 is an example of a myocarditis developing in utero. The 
remaining cases were all histologically similar and varied only in the 
amount of exudate. In summarizing the microscopic picture, the myo- 
cardium was diffusely involved by an interstitial exudate, consisting 
primarily of lymphocytes, but with an occasional polymorphonuclear 
leukocyte, plasma cell, eosinophil, and large mononuclear cell. There 
was moderate to severe interstitial edema, but there was little evidence 
of myocardial damage. Nowhere was there a specific lesion found, such 
as the Aschoff body. The endocardium and epicardium showed only 
minimal involvement. In cases 3 and 4 there was endocardial fibrosis, 
which was interpreted as fibro-elastosis (fetal endomyocarditis). The 
ventricular endocardium was moderately thickened by elastic fibers 
with extension into the underlying myocardium. In only one case 
(no. 3) was there patchy fibrosis of the myocardium. The lungs of all 
cases showed gross and microscopic evidence of interstitial pneumonia 
or bronchopneumonia. This was a terminal complication and histo- 
logically the inflammatory lesions of the heart antedated the pul- 
monary process. It is important to point out that no other major 
pathologic lesion was found. The incidental findings, such as the 
congested abdominal viscera, could all be explained on the basis of 
congestive cardiac failure. These 3 cases (2, 3, and 4), from the clini- 
cal and necropsy observations, appear to fall into the second more 
common type of diffuse interstitial myocarditis. 

The etiologic basis for myocarditis of this type is unknown. The 
multiplicity of agents suggested in the literature makes this evident. 
For the granulomatous type it has been stated that tuberculosis or 
syphilis may be a possible cause even though the causative organisms 
are not demonstrated. Baker and Brian *® have called attention to 
blastomycetes as producing granulomas in the heart, and it appears 
possible that other organisms could produce this same type. Lillie and 
Francis ® have shown that Pasteurella tularensis can produce granu- 
lomas in the hearts of experimental animals. 

The diffuse form of interstitial myocarditis has appeared more fre- 
quently in the literature, and as a result more agents have been sug- 
gested as possible factors in causing this pathologic process. Severe 
burns, upper respiratory infections, toxins, influenza, and infectious 
diseases have been mentioned. According to other case reports, the 
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administration of adrenalin has produced myocarditis of a similar type. 
Experimentally, it has been produced with sparteine and adrenalin 
combined. Bismuth and the arsenicals have been attributed as factors 
in producing this condition. In relation to this possible allergic re- 
sponse, French and Weller *° reported 126 cases of interstitial myo- 
carditis in which sulfonamide therapy was thought to be the common 
etiologic agent. Wells and Sax” recently have reported a case in 
which they believe sulfadiazine might well have been the cause of 4 
myocarditis. Vitamin deficiencies, idiosyncrasies to sulfur ointment, 
and alcohol have been mentioned. Helwig and Schmidt,’* in 1945, 
reported the death of two chimpanzees in their laboratory from cardiac 
failure and pulmonary edema. Histologically, the principal finding 
was an acute interstitial myocarditis. Pleural fluid from one animal 
was passed through 122 mice and with rare exceptions produced paraly- 
sis and acute myelitis. This same material has been used to produce 
similar myocarditis in guinea-pigs and rabbits. Finland, Parker, 
Barnes, and Joliffe’* have reported two cases of influenza A pneu- 
monia with a nonbacterial myocarditis. This would suggest that a 
virus infection may be linked with myocarditis of this type. 

In reviewing the possible etiologic factors reported in the literature, 
it would seem that the majority of them could be eliminated in the 4 
cases reported here, particularly in this age group. 

In case 1, the cardiac lesion of this 21-day-old infant was nonspecific, 
although it suggested more of a granulomatous process. Histologically, 
it did not resemble a gumma or tuberculosis. Levaditi’s stain and acid- 
fast stains were both negative. Serologic examination of both parents 
was negative. Another possible factor which must be considered is a 
coronary occlusion, even though a careful examination of the heart was 
made grossly and microscopically. At this relatively early age an in- 
fectious process developing in utero must be thought of also. 

In case 2 there was the history of the mother developing pneumonia 
on the fourth day post-partum, and for that reason the baby was 
removed from breast feedings. This infant also contracted an upper 
respiratory infection 5 weeks before the onset of the terminal illness. 

In case 3 there was an upper respiratory infection at 3 months of age 
followed by bilateral otitis media. At this time chemotherapy was used 
and it was also administered during the brief last illness. Four days before 
the last admission she received the last injection of whooping cough 
vaccine, tetanus and diphtheria toxoid. On admission to the hospital 
a diagnosis of an upper respiratory infection was made. One might 
possibly conceive that the myocarditis in these two cases (2 and 3) was 
produced on an allergic basis since both gave a history of recent and 
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former upper respiratory tract infections. Mallory and Keefer ** have 
observed focal accumulations of lymphocytes, plasma cells, and histio- 
cytes beneath the endocardium, and to a lesser extent in the myo- 
cardium in cases of hemolytic streptococcus infections. Similar lesions 
were found in the kidney, liver, lungs, spleen, and pancreas in their 
cases. They suggested that these lesions were due in part to. an antigen- 
antibody reaction. Although the lesions which they demonstrated in 
the heart were focal, it seems possible that a diffuse interstitial myo- 
carditis could develop on the same basis. 

“Sulfa drug” sensitivity as a possible etiologic factor appears re- 
mote. There was a history of chemotherapy at 3 months of age, and as 
far as it is known there was no further history of the drug until the 
terminal illness. Since the infant died 15 hours after admission, it 
would seem unlikely that the amount of myocardial exudation ob- 
served could possibly have occurred in that brief time. It is also evi- 
dent that the patient had cardiac involvement at the time of admission. 

The réle of the inoculation in case 3 cannot be evaluated except that 
it might possibly have been an etiologic factor. 

Although case 4 was the only one in this series in which the patient 
lived long enough for an adequate clinical study, there is no lead to 
a possible etiologic factor. 

The pulmonary lesions in all four cases were essentially similar. 
Histologically, they did not represent severe inflammatory processes, 
but rather a terminal interstitial pneumonia. It is also interesting to 
note that all blood cultures were negative, although pathogenic organ- 
isms were cultured from the lungs. 


SUMMARY 


In four instances of interstitial myocarditis in children, three were of 
the diffuse interstitial type and one could be included in the granuloma- 
tous group. 

At present there is no known cause for myocarditis of this type. 

The main purpose of this paper is to direct renewed interest toward 
myocarditis of an interesting and poorly understood type, which causes 
death in infancy as well as in later life. 
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DESCRIPTION OF PLATES 


PLATE 202 


1. Case 2. Photograph of organs in situ. Of note is the relative size of the 
heart. 


2. Case 1. Low-power view of the left ventricle in the area of greatest dam- 
age, showing leukocytic infiltration, abundant capillaries, and loss of myo- 
cardial fibers. Hematoxylin and eosin stain. X 140. 


3. Case 1. Higher power view of the same area seen in Figure 2. Hema- 
toxylin and eosin stain. X 500. 
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PLATE 203 


Fic. 4. Case 2. A representative section of the left ventricle, showing the leuko- 
cytic infiltration. Hematoxylin and eosin stain. X roo. 


Fic. 5. Case 2. A higher power view of the same area seen in Figure 4, showing 
loss of myocardial fibers. Hematoxylin and eosin stain. X 500. 


Fic. 6. Case 3. Low-power view displaying a diffuse interstitial exudate. Hema- 
toxylin and eosin stain. X 180. 


Fic. 7. Case 3. Low-power view of another area, showing a focal collection of 
lymphocytes. Hematoxylin and eosin stain. X 180. 
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PLATE 204 


Fic. 8. Case 3. Photograph of organs im situ. Of note is the relative size of the 
heart, similar to that of Figure 1. . 


Fic. 9. Case 3. Low-power view of an area of fibrosis with minimal exudation. 
Hematoxylin and eosin stain. X 250. 


Fic. 10. Case 3. A higher power view of the same area seen in Figure 9, showing 
types of exudative cells—lymphocytes, plasma cells, macrophages, and poly- 
morphonuclear leukocytes. Hematoxylin and eosin stain. X 500. 
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PLATE 205 


Fic. 11. Case 4. Photograph of organs in situ. Similarity to Figures 1 and 8 may be 
noted. 
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PLATE 206 


Fic. 12. Case 4. View of the open left ventricle. There is a generalized opacity 
of the endocardium (fibro-elastosis). 


Fic. 13. Case 4. Low-power view showing the diffuse interstitial leukocytic 
infiltration. Hematoxylin and eosin stain. X 140. 


Fic. 14. Case 4. Higher power view of the same area seen in Figure 13. The 
exudate is predominantly lymphocytic in this field. Hematoxylin and eosin 
stain. X 500. 
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STRUCTURE OF THE GLOMERULUS OF THE HUMAN KIDNEY * 
J. F. A. McManus, M.D. 
(From the Department of Pathology, The Medical College of Alabama, 
_ Birmingham 5, Ala.) 

Present opinion, following the studies of McGregor,’ Bell,? and 
others, considers the glomerulus of the human kidney as a simple con- 
tortion of capillaries, lacking any stromal elements. In direct opposi- 
tion to this, Zimmermann ® gave a description of the mesangium—a 
connective tissue framework for the glomerulus. Kimmelstiel and 
Wilson * and Goormaghtigh >* utilized the concept of mesangium in 
discussions of glomerular alterations in disease. Difference of opinion 
on a matter so fundamental as glomerular structure suggested a review 
of the matter with the periodic acid-Schiff’s reagent (PAS) technic.*® 

This paper describes and illustrates che results of a study of the 
human glomerulus with particular reference to the basement membrane 
and the stromal elements or mesangium. The method of study is the 
coloring of paraffin sections by the PAS technic with which there is a 
selective coloring of the basement membrane of the renal tubule and 
glomerulus.*® The report includes the description of the glomerulus 
in kidney disease of several types. 


MATERIALS AND METHODS 


Much of the material came from the autopsy and surgical series of 
the Jefferson-Hillman Hospital. Slides from the files of the old Hill- 
man Hospital (1921-1944 inclusive) were colored by PAS after re- 
moving the coverslips in xylene and decolorizing in 1 per cent hydro- 
chloric acid in 70 per cent alcohol. Cases of traumatic uremia and some 
normal material had been collected during the European campaign 
of World War II. Other specimens were sent in by various patholo- 
gists. 

The time or type of fixation is not crucial in the study of the glomeru- 
lar basement membrane with the PAS technic. The basement mem- 
brane is preserved in tissues in which autolysis is advanced. Zenker’s 
formol is the best of the routine fixatives for the glomerular basement 
membrane and Bouin’s fluid and Holmgren’s ™ 4 per cent sub-acetate 
of lead are useful because of their ability to preserve carbohydrate in 
sections. Dehydration by autotechnicon t preserves somewhat less of 
the PAS-colored material in the glomerular basement membrane than 

* Aided by a grant from the Life Insurance Medical Research Fund. 
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the slower technics. The staining technic for the basement membrane 
is that previously described in detail.° 

Where blocks were available, sections were cut generally at 6 p. 
Thin sections at 3 w and thick sections at 25 w were cut on occasion. 
A few serial sets were made. 


THE NorMAL GLOMERULAR BASEMENT MEMBRANE 


In thick sections, the glomerular loops were seen as a tangled skein 
of tubes of inconstant caliber. Unequal dilatation of the loops oc- 
curred after death from heart failure and the larger loops could be 
traced to the efferent vessel. All of the loops were covered with a 
deeply colored basement membrane which showed apparent points of 
concentration where loops lay in contact. 

In 3 p sections, it could be seen that the afferent vessel divided into 
a number of branches, each having a basement membrane continuous 
with that of the arteriole. If the loop was situated peripherally near 
the root of the tuft, its basement membrane connected with that of the 
parietal layer of Bowman’s capsule. A short distance after the division 
into branches, i.e., the formation of loops, or at times immediately, 
the loops became contorted and could not be followed adequately. 

In sections 6 to 8 pw thick, a loop could be seen at times to curve 
about a central axis (Fig. 1). The basement membrane covered the 
loops and an intervening axial space. Studying this same area in the 
thinnest sections, it could be seen that there might be a nucleus in the 
central (axial) portion or, more commonly, the space might appear 
empty except, perhaps, for cytoplasm (Fig. 2). Frequently the axial 
cells projected knobs of their cytoplasm into two or more adjacent 
loops. In some cases the portion of the basement membrane which 
lay over the axial cells, i.e., between the loops, could be seen to be 
thickened (Fig. 2), producing one variety of the “axial thickening” 
of Kimmelstiel.* 

It was impossible to define the cells in the axial space as endothelium 
or as epithelium. Their nuclei stained like endothelial cell nuclei with 
phosphotungstic acid hematoxylin. Calling them “third type” cells 
might serve for purposes of description while prescinding from the 
question of their origin. No myofibrils were seen in their cytoplasm, 
either in material taken for biopsy or from autopsies performed from 
30 to 45 minutes after death, after any fixative, or with any stain. 

Sometimes, as McGregor’ pointed out, a coarse axial fiber in the 
glomerulus could be traced to the parietal basement membrane of 
Bowman’s capsule, this being especially noticeable when the latter was 
thickened (Fig. 3). That represented the only connection that could 
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be recognized between the axial space and an extraglomerular struc- 
ture. . 

In summary, the glomerular basement membrane in the normal hu- 
man kidney is formed from the basement membrane of Bowman’s 
capsule which becomes attached to the arterioles of the glomerular 
root. Covering the tuft, the glomerular basement membrane encloses: 
(1) the capillaries of the loops which have no basement membrane of 
their own; (2) the endothelial cells of the capillaries; (3) the axial 
space between the loops where the basement membrane is reflected 
over the loops; (4) the infrequent axial or third type cell in these 
spaces; and (5) occasional fibers which pass into the glomerulus from 
Bowman’s capsule. 

It is possible that only epithelial basement membrane is being 
shown in the_.glomerulus with PAS. Capillary linings are shown else- 
where. The studies of abnormal glomeruli to be described make this 
improbable. 


THE GLOMERULUS IN SOME DISEASES 


The glomeruli in renal diseases of specific types have been studied 
because of the apparent involvement of the axial space or of the de- 
scription of mesangial lesions. The series includes: 


Diabetes mellitus 4 cases 
Intercapillary glomerulosclerosis 6 cases 

(2 nondiabetic) 
Acute glomerulonephritis IO cases 
Eclampsia 16 cases 
Pregnancy controls 12 cases 
Wounding (crush) kidneys 10 cases* 


Thin microscopic sections of kidneys in diabetes mellitus, colored 
with PAS, were the best material in which to recognize the axial space. 
The axial area always was prominent and colored strongly with PAS. 
It usually appeared finely fibrillar, as Bell? described, although Bell 
considered the fibrils to be intracapillary. These fibrils were colored 
by PAS while the fibrils of muscle cells were not. The intercapillary 
glomerulosclerosis of Kimmelstiel and Wilson,* when it occurs in dia- 
betes, appears to be an accumulation of a PAS-positive material in 
the axial space and need not be accompanied by thickening of the 
basement membrane of the glomerulus. 

The kidneys with intercapillary glomerulosclerosis showed, in the 

* These 10 cases were part of a group of 35 battle casualties collected in a study 


of the kidney after severe wounds. The 10 were selected for review in this article 
because of early autopsy and adequate fixation. 
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earliest stages, the deposit of a strongly colored hyaline material in 
the axial space. The later stages showed gradual increase of the inter- 
capillary hyaline material and usually all or many stages could be 
seen in one kidney. Finally, the loops were situated peripherally 
about the hyaline mass. The largest or most involved loops had an 
inner limit or “basement membrane” made up of the hyaline mass. 
The peripheral true basement membrane might not be thickened or 
distorted (Fig. 4), although this happened frequently in the non- 
diabetic cases. Sometimes the hyaline mass included nuclei as though 
this were some storage process associated with an increase of cells of 
the third type. 

The cases of acute glomerulonephritis showed the customary in- 
creased glomerular cellularity. A proportion of this appeared to be due 
to endothelial proliferation. A striking feature of the situation of 
some of the additional cells, including polymorphonuclear leukocytes, 
was their localization in the axial space of the glomerulus (Fig. 5). 
Pyknosis of nuclei might be seen, possibly those of third type cells. 

The typical glomerulus in eclampsia in thin sections appeared lobu- 
lated, the individual capillary loops being separate and discrete. This 
lobulation was in contrast to the lobation of acute glomerulonephritis 
in which the glomerulus appeared divided into two, three, or four main 
portions or lobes. 

The capillary loops were very prominent and were covered with 
numerous epithelial cells. I am not sure that there had been an actual 
increase in the epithelial cells. It may be that autolysis had not oc- 
curred and that the normal number of cells remained. The loops them- 
selves had the appearance of being turgid or erectile. There was a 
constant vacuolation of the axial space and this sometimes involved 
the endothelial cells (Figs. 6 and 7). There was no thickening of 
the basement membrane or proliferation of the endothelial cells, and 
there was no cellular infiltration of the mesangium. The control preg- 
nancy material showed no similar reticulation. _ 

The vacuolation of the axial space which produced reticulation of 
the glomerulus in eclampsia was a striking and characteristic lesion. 
It was not due to fatty change or infiltration in 2 cases available for 
frozen sectioning. Two cases which were clinical lipoid nephrosis— 
actually early chronic glomerulonephritis—showed reticulation of the 
axial space besides adhesions and thickening of the basement mem- 
brane. In these cases reticulation was due to triglyceride fat, colorable 
with sudan IV, as Bell ’® mentioned in his study of lipoid nephrosis. 

I have found an occasional glomerulus in some cases of hyperten- 
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sion which showed reticulation, not due to lipoid. The lesion in these 
cases is restricted to a few glomeruli and is not a diffuse finding as in 
eclampsia. 

DIscussIoN 

The arrangement of the basement membrane in the normal glomer- 
ulus, as demonstrated by PAS, corresponds more closely to the descrip- 
tion of Zimmermann * than to that of McGregor.’ The latter recog- 
nized the thickened portions of the glomerular basement membrane 
and the localization of a third type cell at these points, but considered 
these thickenings as “orifices into” or “passageways between” loops. 
The possibility of the third type cell being a “connective tissue cell” 
was mentioned by McGregor. Zimmermann identified the third cell 
as a fibrocyte, presumably a connective tissue cell. 

The glomerulus is best visualized as a set of discrete, non-anastomos- 
ing, vascular channels invaginating the basement membrane of the 
Bowman’s capsule. Rare pericapillary cells exist in the intercapillary 
or axial space, where the basement membrane is reflected over adjacent 
loops. No evidence of a double basement membrane is found, except 
in injected kidneys. The lesions for which MacCallum," Goormagh- 
tigh,>* and others supposed a double basement membrane can be ex- 
plained by the arrangement described. 

Goormaghtigh considered the third cell as a muscle cell controlling 
the “tonus” of the glomerulus.5* He described multiplication of the 
myocytes of the mesangium in acute glomerulonephritis and hyper- 
trophy and hyperplasia of these cells in eclampsia. The changes in 
both these conditions were said to be similar to the changes in the 
kidney in “traumatic uremia” or the “crush” kidney (Fig. 1). I have 
not found the changes described by Goormaghtigh. The glomerulus in 
traumatic uremia is little if at all involved and shows no resemblance 
to the glomeruli in either acute glomerulonephritis or eclampsia. 

Acute glomerulonephritis is an acute inflammation of the glomerulus 
which involves the capillaries and the axial space. The localization of 
inflammatory cells in this space and subsequent fibrosis would explain 
the “intercapillary” lesions (Fig. 8) of MacCallum.” The proliferating 
endothelial cells within the capillaries in acute glomerulonephritis be- 
come outlined with PAS-positive material. This “arteriole-like” ap- 
pearance of the loop may furnish the basis for later intracapillary 
fibrosis (Fig. 9). Both intercapillary and intracapillary lesions may 
be seen in one glomerulus (Fig. 10). 

The specific lesion of the glomerulus in eclampsia is restricted to 
the cells of the mesangium or axial space. These cells become swollen 
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and vacuolated. The resulting “reticulation” of the glomerulus in 
eclampsia was described ** and illustrated ?* by Dunn. Jaffe ** called 
the glomerular lesion in eclampsia an “edema of the tuft,” which would 
agree with the present description. 

Intercapillary glomerulosclerosis could be the result of “trapping” 
a glycoprotein in the axial space. Practically identical findings were 
seen in 2 cases of chronic glomerulonephritis (probably type II of 
Ellis ©) and one wonders whether a chemical or serologic similarity 
could be found between the urinary protein in the diabetic and glo- 
merulonephritic cases which show similar glomerular lesions. The fat 
in the axial space in lipoid nephrosis might be accumulated in a similar 
fashion or might be the result of an injury to the mesangial cells. 

Allen *® considered and dismissed the possibility of a mesangial 
origin for the hyaline material in intercapillary glomerulosclerosis. 
Reticulin stains show a lamination of the hyaline deposit in the glo- 
merulus which Allen interpreted as evidence that the material is 
formed by duplication of the internal capillary wall. I do not think 
this is the mode of development of the lesion. In the first instance, 
the internal or axial capillary wall does not color with PAS (Fig. 2). 
On occasion, the hyalin of the intercapillary lesion can be seen to 
inject, as it were, one leaf of the axial space (Fig. 11). Furthermore, 
I do not see how it is possible in sections to differentiate fibrils from 
irregularly deposited hyaline material, laid down in strata. 

The questions of nature and function of basement membrane are 
raised in pointed fashion by these studies on the glomerulus. In its 
original morphologic use, the term refers to hyaline linear structures 
visible microscopically at epithelial-éonnective-tissue and epithelial- 
capillary junctions. Empirical methods of staining have produced no 
definite evidence for the generally held belief that basement membrane 
is related to intercellular substance, known to contain the carbohy- 
drates hyaluronic acid and chondroitin-sulfuric acid. 

The glomerular basement membrane fits the criterion of position 
at an epithelial-capillary junction. The strong coloring which it shows 
with Schiff’s reagent after periodic acid suggests a carbohydrate con- 
stituent. 

SUMMARY AND CONCLUSIONS 

The basement membrane in the normal glomerulus as shown with 
the PAS technic derives from Bowman’s capsule and attaches to the 
arterioles at the glomerular root. It encloses capillary loops and 
certain infrequent stroma cells of the mesangium, the latter in the 
intercapillary or axial space. 
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The axial space is prominent in diabetes mellitus. It appears finely 
fibrillar, as was described by Bell. 

Marked involvement of the axial space can be seen in various dis- 
ease conditions. These can be tabulated as follows: Acute inflamma- 
tion in acute glomerulonephritis; glycoprotein accumulation in inter- 
capillary glomerulosclerosis; vacuolation and reticulation in eclamp- 
sia; lipoid accumulation in “lipoid nephrosis.” 
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PLATE 207 


Fic.1. Glomerulus from “crush” kidney after severe wounding. Loops at left 
' center are arranged about a central axis. Periodic acid-Schiff’s reagent (PAS). 
X about 300. 


Fic. 2. Glomerular detail. The patient was a healthy adult male in shock from a 
chest wound 18 hours before death. Axial space is left as a T-shape by re- 
flection of basement membrane over adjacent loops. PAS. X about 800. 


Fic. 3. Same case, same glomerulus and technic as shown in Figure 2. Coarse 
fiber enters from the parietal basement membrane on the right. PAS. X about 
300. 


Fic. 4. A-657. Intercapillary glomerulosclerosis in arteriolonephrosclerosis. Cen- 
trally placed, hyaline, lamellar material with intact peripheral basement mem- 
brane. PAS, hematoxylin counterstain. X about 800. 


Fic. 5. Acute glomerulonephritis. Proliferation of endothelial cells. Infiltration of 
axial space. PAS, hematoxylin. X about 800. 


Fic. 6. Eclampsia. Vacuolation of axial space extending to endothelium. PAS, 
hematoxylin. X about 800. 
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.7. Eclampsia. Separate capillary loops with fine reticulation of axial space. 
PAS, hematoxylin. X about 300. 


.8. Subacute glomerulonephritis. Early fibrosis of axial space with intact 
peripheral basement membrane in capillary loops. PAS. XX about 250. 


.g. Same case as shown in Figure 8. Diffuse intracapillary and axial fibrosis 
in progress. PAS. X about 250. 


. 10. Subacute glomerulonephritis. On the right of the glomerulus the peripheral 
loops are spared, producing intercapillary disease. To the left, the loops are 


involved diffusely, producing intracapillary disease. PAS. XX about 250. 


_11. Intercapillary glomerulosclerosis in a hypertensive diabetic patient. 
Of note is the peripheral displacement of loops with little change in caliber. 
PAS. X about 250. 


.12, Higher magnification of Figure 2. X about 1250. 
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CELLULAR CHANGES IN RABBITS DURING 
ANTIBODY FORMATION 


I. RESPONSE TO EBERTHELLA TYPHOSA * 


Cricaton McNen, M.D. 
(From the Department of Pathology, University of Utah School of Medicine, 
Salt Lake City, Utah) 

Pathologists are well aware that certain cell groups, constituting a 
granuloma, represent a reaction of tissues to antigen of a specific type. 
In most instances this tissue reaction is successful in retarding the 
growth of living agents or of eliminating the antigen, and this we at- 
tribute to an immune response of cells. However, while we are keenly 
aware of cell reactions representing an immune response, we are almost 
entirely unaware of cell reactions preceding immunity when antibodies 
are developing. - 

In the past 4 decades many attempts have been made to locate 
the site of antibody formation so that the pathologist might identify 
clearly the early stages of a disease process, but at present confusion 
still exists. Today a survey shows that there are four theories. One 
contends that cells of the reticulo-endothelial system phagocytize the 
antigen and produce the antibody. This theory is supported by “block- 
ade” experiments of the reticulo-endothelial system,’* by dye-tagged 
proteins,® and by the removal of organs. '°’* Another theory supports 
the lymphatic cell as the locus of antibody formation on the basis of 
serologic studies showing slightly more agglutinin in lymph nodes than 
in serum.’**® A third opinion recognizes that aggregates of plasma 
cells contain much more antibody than other tissues.2*7! A fourth 
investigator has submitted evidence that cells are not necessary for 
antibody formation.” 

Therefore, under conditions of inflammation, the pathologist is not 
sure what interpretations are suitable when he observes unusual con- 
centrations of reticulo-endothelial cells, lymphocytes, or plasma cells. 
It is toward a solution of this problem that the present report is di- 
rected. 

METHODS AND CONTROL STUDIES 

All experiments herein reported pertain to healthy white male rab- 
bits weighing 1600 to 1800 gm. A survey was first made to locate 
readily available lymph nodes adjacent to a good skin surface. The 
skin over the right mandible and the nearby right deep cervical lymph 


* Aided by a grant from the United States Public Health Service, RG-7 24. 
Concentrations of Eberthella typhosa antigen were furnished through the kindness 
of Sharpe & Dohme, Inc., Glenolden, Pa. 
Received for publication, November 18, 1947. 
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node were selected for study as being ideal because of convenience and 
consistency of lymph node size. 

As a control study, to obtain baseline figures, right and left deep 
cervical lymph nodes of 5 normal rabbits were removed and divided. 
One half was immediately fixed for a paraffin section and the cut sur- 
face of the other half was carefully scraped with a sharp knife so that 
the scrapings floated into normal rabbit serum. In this way the entire 
contents of one-half of the node could be suspended in the serum for 
the preparation of smears which were quickly dried and stained by 
Wright’s method, using buffered water of pH 6.9. Evenly distributed 
cells were always obtained and upon these preparations differential cell 
counts could be performed easily and rapidly. This method gave 
permanent mounts which could be restudied at any time, and for this 
study seemed more satisfactory than the supravital technics.*** One 
thousand cells were counted on each side, thus giving the observer a 
proper survey of cell types. Slight changes in numbers of cell types 
could readily be recognized. Skin sections, lymph node sections, and 
peripheral blood smears were obtained also. 

Figure 1 illustrates the six cell types which may be seen in the lymph 
node smears. Table I shows the distribution of these cells per 1000 
and includes disintegrated cell elements. Heterophil. granulocytes are 
very scarce in the normal lymph node smears. 

It seemed advisable to study peripheral blood smears for possible 
reflected changes in cell types. Table II shows the results of differ- 
ential and total blood counts of 11 normal rabbits. These counts cor- 
respond quite well with the figures published by those who have done 
hundreds of counts.”*** Emphasis was placed upon the differentiation 
of large and small lymphocytes so that any alteration might be corre- 
lated with lymph node smears. 


CHANGES IN SKIN, LyMpH NODES, AND BLoop oF RABBITS 
INJECTED WITH ANTIGEN (EBERTHELLA TYPHOSA) 


Rabbits were injected intradermally over the right mandible with 
0.5 cc. of killed Eberthella typhosa bacilli in concentrations given below. 
A single dose was given to all at the same time and then the animals 
were killed at intervals as described below. The following materials 
were saved for study: (1) skin for sections stained with hematoxylin 
and eosin, (2) lymph nodes (right and left) for hematoxylin and eosin 
preparations, smears, and extraction for antibody titer, (3) serum for 
antibody titer, and (4) blood smears for differential counts. 

Experiment 1. Five rabbits received 0.5 cc. of the vaccine contain- 
ing 1 billion bacilli per cc., as superficially as possible into the skin 


B 
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over the angle of the right mandible. A sixth animal, as a control, 
received a sterile saline injection in the same location. The 5 antigen- 
injected rabbits were bled, blood counts were taken, and the animals 
were killed by air injection on the 2nd, sth, 8th, roth, and 15th days. 
During the course of the experiment none of the animals showed un- 
toward effects of the injection and the control rabbit was sacrificed 
and examined on the 3rd day. All animals were autopsied immediately 


Taste I 
Differential Lymph Node Cell Counts (1000 Cells) on 5 Normal Rabbits 


Small Large Basophilic 
Rabbit no.,| lympho- lympho- lympho- Lympho- Pseudo- Reticulum | Disinte- 
site cytes cytes cytes lasts eosinophils cells grated cells 
1. Right 736 207 48 9 ° ° ° 
x. Left 2 9 I ° 177* 
2. Right 890 56 30 20 ° 4 ° 
2. Left 909 55 22 12 I ° I 
3- Right 801 165 21 9 I ° 3 
3. Left 77° 200 15 12 2 ° I 
4. Right 816 163 10 9 ° ° 2 
4. Left 785 157 II 14 ° ° 33 
5. Right 904 64 4 12 ° I 15 
5. Left 859 97 14 7 I I 22 
Average 826 118 | 179 11.3 0.6 0.6 25.4 


*Defective smear. 


after death and the cervical lymph nodes were prepared and smeared 
as described. In addition the skin and subcutaneous tissue at the 
injection site was fixed and sections prepared. 

Experiment 2. The same experiment was repeated using 0.5 cc. of 
antigen which had a concentration of 10 billion bacilli per cc. These 
rabbits were killed on the 1st, 2nd, 3rd, 5th, and roth days, and 
material from them prepared in a similar manner. 

Experiment 3. Another group of 5 male rabbits and a control were 
treated as in experiment 2 except that one-half of each lymph node 
was ground in sterile sand and 2 cc. of physiologic saline solution. 
Each portion was weighed prior to the grinding. The cloudy suspen- ae 
sion was frozen and thawed several times and portions were used for 
agglutination tests. These animals were killed on the rst, 3rd, 5th, 7th, 
and roth days. 

Experiment 4. A group of 7 rabbits, with 1 control, were injected 
2s in experiment 2, but in this series the animals were killed after 6 and 
12 hours, and after 1, 2, 3, 4, 7, and 12 days. The object was to 
observe the earliest cell changes. 

The serologic studies undertaken in this group of experiments were 
performed to observe changes in agglutinin content of the serum and 
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the lymph nodes and to correlate these changes with cellular changes. 
In the first three groups of animals serologic tests were carried out 
using the usual tube dilution technic. Maximum agglutination occurred 
using 5 billion bacilli per cc. In experiment 4, Heidelberger and Ka- 
bat’s *? agglutination and agglutinin nitrogen method was used. 


RESULTS 
Skin 
A uniform progressive change occurred in the skin of all of the 


antigen-injected animals, and this response may be described in the 
following phases extending from 6 hours to 15 days: Phase 1, a diffuse 


Taste II 
Total and Differential (per 1000 cells) Peripheral White Blood Cell Counts 
on Normal Rabbits 


Small Large Pseudo- 
Rabbit Total white lympho- | lympho- eosino- | Neutro- | Mono- Baso- Eosino- 
no. blood cells cytes cytes phils phils cytes phils phils 

I 8,650 13 26 46 I 2 8 2 

2 5,900 27 20 49 I I 2 ° 

3 7,200 26 28 42 ° 2 2 ° 

4 8,000 40 16 40 ° 2 2 ° 

5 9,400 32 23 41 ° ° 4 ° 

6 4,500 44 9 35 2 3 6 I 

7 9,800 32 23 45 ° ° ° ° 

8 12,800 40 12 45 ° ° 2 I 

9 8,750 23 17 57 ° ° 2 I 

10 5,500 18 17 60 ° 2 2 I 

II 7,600 31 20 41 ° 4 3 I 
Average 8,009 29.6 19.2 45-6 0.36 Ls 3.0 0.73 


edema and infiltration of the upper corium with pseudo-eosinophilic 
and eosinophilic granular leukocytes and no trace of the injected 
bacilli in bacteria-stained sections. The duration of this change was 48 
hours (Figs. 2 and 3). Phase 2, heavy concentrations of these leuko- 
cytes and focal collections in the deeper portions of the corium and in 
the superficial muscle layer. Infrequent large macrophages were pres- 
ent. The duration of this change was 3 to 6 days. Phase 3, return of 
the skin to normal except for one or two pinhead-sized yellow areas 
in the corium which on microscopic examination had a tiny, central, 
necrotic zone and a granulomatous capsule of macrophages and fibro- 
blasts. Healing had all but been completed. The duration was 8 to 
15 days. 


Lymph Node Smears 
Certain distinct changes in numbers and proportions of cells oc- 
curred in the lymph nodes during the course of the experiments. Table 
III presents the results of differential counts done on the right cer- 
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vical lymph nodes of all rabbits in the four experiments. This com- 
parison is allowable since the animals received the same antigen under 
the same conditions (excepting the smaller dose in experiment 1). 

The figures in Table III which definitely appear to deviate from the 
normal have been printed in italicized type. From the lowest hori- 
zontal row of figures the normal lymph node counts can be determined. 


Taste III 
Comparison of Time Interval and Differential Lymph Node Count 
(All Four Experiments Represented) 


Baso- 
Small Large philic Disinte- | Reticu-| Pseudo- 
Experi-| lympho- | lympho- | lympho- Sgmehe- grated lum eosino- | Serum 
Time ment cytes cytes cytes lasts cells cells phils titer 
6 hr. 4 740 140 9 12 8 ° or ° 
12 hr. 4 804 92 8 10 17 ° 69 ° 
24 hr. 5° 818 107 19 7 15 ° 34 ° 
2 days I 798 108 34 55 ° ° 5 ° 
2 days 2 634 286 8 53 7 7 5 ° 
2 days 4 713 243 8 28 7 ° I ° 
3 days 2 682 209 9 96 ° 2 2 ° 
3 days 3 853 84 4 57 ° ° 2 ° 
4 days 4 697 200 5 Co ° I t 
sdays} 1 744 157 32 53 II ° 3 ° 
5 days 2 712 200 69 17 2 ° ° 1:160 
5 days 3 803 139 17 26 14 ° I 1:20 
7 days 3 676 226 52 31 13 ° 2 1:80 
7 days 4 799 166 8 17 14 I 5 
8 days I 785 196 8 9 ° ° 5 1:40 
10 days 2 645 302] 14 15 14 ° 10 1:160 
to days 3 657 301 15 17 ° 2 1:640 
11 days I 816 162 10 9 2 I ° 1:40 
12 days 
15 days I goo 64 4 12 15 I 4 1:20 
Normal average 
(Table I) 826 118 17.7 11.3 25.4 0.6 0.6 


* Slides lost on 24-hour rabbit, experiment 4. 
See serologic discussion. 


Ranges of normal are within a few cells in each case, with the exception 
of the large lymphocytes which rarely rise to 200 cells per 1000. The 
first abnormal change to occur is the sudden rise of pseudo-eosinophilic 
granular leukocytes and eosinophilic leukocytes. These two cells have 
not been separated in this study because there seems to be no clear-cut 
differentiation. Cells of the pseudo-eosinophilic type are filled with 
large red granules, and one can only say that the true eosinophils ap- 
pear to be packed with these same granules (Figs. 2 and 3). One gains 
the impression from examining many of these slides that in the non- 
injected animals the pseudo-eosinophils have small, well scattered, red 
granules while in the recently injected rabbit these cells take on the 
appearance of true eosinophils. However this may be, these cells are 
greatly increased in number at the first observation interval of 6 hours 
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and decrease rather rapidly until at 48 hours their number is reduced 
to normal. 

At the time that the eosinophilic cells decrease (48 hours), the 
lymphoblasts go through an interval of hyperplasia which lasts for 3 
days or more, during which there is a five-fold increase in their num- 
ber. Text-Figure 1, which compares the numerical changes in lympho- 


Text-Figure 1. Lymph node differential counts. The curves show the sudden rise 
and fall of lymphoblasts between the second and sixth days after injection. The solid line 
indicates results on smears from the right nodes, and broken line, from the left nodes. 


blasts with the time interval in experiments 1 and 2, shows this dia- 
gramatically. The diagram includes the differential counts done on the 
left cervical nodes and shows that a slight simultaneous hyperplasia 
of lymphoblasts is present in these nodes too. Table III shows that 
when the experiment is repeated several times the number of lympho- 
blasts decreases gradually over 4 to 6 days, while Text-Figure 1 shows 
a precipitous drop in lymphoblasts in each experiment. It must be kept 
in mind that these experiments include only a 15-day interval, which 
might be referred to as the primary phase of cellular changes in the 
rabbit. 
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Basophilic lymphocytes, which have been compared to the plasma 
cell, share in the hyperplasia with the lymphoblasts but at a slightly 
later interval. During the first two experiments it was thought that 
this basophilic cell increase was an isolated observation, but the aggre- 
gate of experiments shows a small but definite band of hyperplasia 
from the 5th to the 7th day just at the time of appearance of an agglu- 


Experiment 2 Experiment 3 


320 320 
280 VA / 280 
240 7 
Large 200 / = 
lympho- / / 
cytes 160 160 
per / 
7 
/ 
40 40 
° ° 
Days after injection 2 4 6 8 10 I 3 5 7 10 
Serum titer ° 1:160 1:160 re) ° 1:20 1:80 1:140 


Text-Figure 2. Lymph node differential counts. The solid line indicates the in- 
creased number of large lymphocytes in smears from the right nodes after lymphoblastic 
Page pe The broken line shows the number of large lymphocytes in smears from 

e left nodes. 


tinin titer. This is not to be interpreted as a definite correlation at 
this time. 

The evaluation of the changes in number of the large lymphocytes 
is somewhat more difficult but it may be stated generally that there 
appears to be a general increase after the interval of lymphoblastic 
activity. In order to bring this out it is necessary to examine Text- 
Figure 2, which shows the occurrence of these cells in experiments 2 
and 3. Especially in experiment 3 the right lymph node smears show 
a steady rise in the number of large lymphocytes. The heavy black line 
across the center of the figure indicates the normal number of large 
lymphocytes per 1000 cells. It is observed also that it is these cells 
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which pinch off small globules of blue-staining cytoplasmic material, 
which has been referred to as “shedding.” 7° It seems to me that 
wherever there are large lymphocytes this shedding phenomenon oc- 
curs, no matter what interval of antigen stimulation is represented. 
More shedding, of course, occurs when the number of large lympho- 
cytes increases. 

Another observation must be included for whatever interpretation 
might be deduced. Frequently, large lymphocytes were found to con- 
tain eosinophilic granules in their cytoplasm, not unlike those of 
eosinophilic leukocytes. This observation was made only at the stage 
when the eosinophils were disappearing (48 hours), and many gran- 
ules were found loose in the smear. 

Other cells differentiated in the nodal smears did not go through sig- 
nificant changes. Small lymphocytes are always present in large num- 
bers and, of course, their number decreases as other cells become hyper- 
plastic. But this does not measure the true status of this group since a 
fixed number of cells is counted. Comment on this point will be in- 
cluded in the section on the fixed lymph node material. Reticulum 
cells failed to show hyperplasia during the time interval represented. 
One would think that had this cell been stimulated to perform some 
function, a slight or moderate change in number would have occurred. 
Disintegrated cells seemed to increase somewhat during the longer 
intervals. Since these cells seemed to represent broken-down large 
lymphocytes with only the nuclear portion remaining, this increase is 
understandable because of the increase in large lymphocytes in the 
more prolonged experiments. 


Lymph Node Sections 


Cellular changes in the sections of lymph nodes were inconspicuous 
when compared to the changes in the smears. Edema and hyperemia 
of the hilar region and medullary zone (Figs. 4 and 5) occurred early 
in the right cervical nodes but not in the left. This was followed and 
accompanied by an infiltration of pseudo-eosinophilic leukocytes in the 
same areas. These leukocytes seemed to gather in groups of about 6 
or 8 cells and were rarely found in the cortical sinuses. Some appeared 
to be undergoing disintegration, as was noted in the smears, but in the 
sections a few large cells with distinctly smooth, eosinophilic cytoplasm 
were usually nearby (Fig. 5). As seen under the oil immersion lens, 
they could have been either reticulum cells or large lymphocytes. One 
day later, at 72 hours, lymphoblastic activity was evident, scattered 
throughout the medullary zone and not, as might be expected, in the 
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primary follicles. On close inspection one could not make out any 
significant changes in the primary follicles despite the rather obvious 
activity going on in the central portion of the lymph node. There was 
a possible increase in small lymphocytes in the sinusoids. By the 5th 
day the lymph node sections appeared normal and the appearance 
was then identical to that of the left cervical nodes. 


Experiment 2 
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Days after injection 


Text-Figure 3. Changes in percentage of large and small lymphocytes in the peripheral 
blood in antigen-injected rabbits. The upper portion shows the reversal of small lympho- 
cytes and large lymphocytes after lymphoblastic hyperplasia. The lower portion shows 
essentially no change in total white count. NLSL, normal line of small —— 
NLLL, normal line of large lymphocytes. Broken line, small lymphocytes; solid 

large lymphocytes. 
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Peripheral Blood Smears 


At the time each animal was autopsied a total white and differential 
blood count was performed. Text-Figure 3 shows the significant 
changes, which appeared to be limited to the lymphocytic series for 
the most part. At the lower portion of this figure is shown the total 
white cell count, which did not deviate significantly from the normal. 
Above is shown the reciprocal behavior of the large and small lympho- 
cytes during the course of the experiment. The change in preponder- 
ance from small to large lymphocytes is seen to occur at the interval of 
the increase of large lymphocytes in the lymph node smears. This 
seems to show then that these large lymphocytes in the nodes get into 
the general circulation rather quickly. A slight relative lymphocytosis 
occurred during the period of the reversal of small and large lympho- 
cytes. Very little change in the number of cells of the granular series 
could be observed despite the rather intense leukocytic infiltration 
in the skin at the site of the injection of the antigen. The nature of 
the eosinophilic leukocytic change is to be studied in more detail in 
other experiments. 

Serologic Studies 

Two sources of material, serum and ground-up lymph node in saline 
solution, were utilized in performing agglutination tests. The lymph 
node suspension was made by grinding a weighed portion of cervical 
node in 3 cc. of physiologic saline solution and sand, decanting off the 
cloudy fluid, and finally freezing and thawing the mixture three times. 
The sediment was then smeared to be sure that no intact cells re- 
mained, after which the material was centrifuged for 2 minutes at 
1500 r.p.m. and the clear fluid separated for the tests. By this tech- 
nic the number of mg. of lymph node material per cc. of physiologic sa- 
line solution can be determined readily. Table IV gives the agglutination 

TABLE IV 


Serum and Lymph Node Titers of Rabbits of Experiment 3 
Antigen, 5 Billion Organisms per 1 cc. 


Rabbit 2, Rabbit 3, Rabbit 4, Rabbit s, Rabbit 6, 

1st day 3rd day sth day 7th day 1oth day 
Titer | Serum| Node | Serum] Node | Serum| Node Serum Node Serum Node* 
1:2 -|/-/-;]-]4+]- ++ | ++ | +++ | ++ 


*Nodal suspensions equal 20 to 30 mg. of material per cc. 
Serum represents 60 to 70 mg. of protein per cc. 
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results by the usual tube dilution method applied to the serum and 
lymph node suspensions in experiment 3. 

Calculation of the nitrogen content of the serum and the nodal sus- 
pensions showed that the serum contained fifteen times as much pro- 
tein, but in spite of this correction the serum far outstripped the nodal 
material in its ability to agglutinate the antigen. Heidelberger and 
Kabat’s *’ method was attempted in experiment 4, but the results will 
not be given because I could not be sure of their accuracy without the 
use of a constant temperature cold centrifuge. It is not the purpose 
of this report to contest the serologic aspects of serum versus lymph 
node antibody content, but the data collected so far do not agree with 
previous reports.**"® It is believed that, given the proper equipment, 
the Heidelberger-Kabat method is probably more accurate than tube 
dilution methods: 

SUMMARY 

A method has been developed for performing differential cell counts 
on lymph nodes of rabbits. Differential counts of lymph nodes of 
normal rabbits were first determined, which gave baseline figures. 

The following observations were made upon the skin and lymph 
nodes of rabbits injected cutaneously with Eberthella typhosa as anti- 
gen: 

1. The bacteria disappeared from the corium within 6 hours and a 
diffuse pseudo-eosinophilic and eosinophilic infiltration took place 
which lasted for 48 hours. 

2. During this same interval eosinophilic granulocytes appeared in 
the regional lymph node in large numbers and seemed to disinte- 
grate there. 

3. In the interval of 2 to 5 days a small focal granuloma formed in 
the skin at the site of injection and lymphoblasts became distinctly 
hyperplastic in the lymph nodes. 

4. During the 5 to 7 day period basophilic lymphocytes increased 
moderately in number in the lymph nodes and the serum antibody 
titer started to rise. 

5. From this time until the end of the experiments at 15 days, large 
lymphocytes usually were increased in number both in the nodal 
smears and in the peripheral blood smears. At this time the skin 
lesion was only a minute focus of fibroblasts and macrophages. 

It may be concluded from these changes that from the standpoint 
of cellular pathology it appears that antibody formation in this pri- 
mary phase is quite complicated and that it is in all probability a pluri- 
cellular reaction involving several systems of cell types. 

It is deduced that granulocytes, lymphoblasts, large lymphocytes, 
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and possibly basophilic lymphocytes (plasma cells) play an important 
part in the primary phase of antibody formation. 


19. 


20. 


I wish to acknowledge the many helpful suggestions made by Dr. F. D. Gunn. 
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DESCRIPTION OF PLATES 


PLATE 209 


All plates are drawings of microscopic fields by Keith Eddington. 


Fic. 1. Reproduced from colored drawing illustrating the six classified cell types 
from lymph node smears. 
A. Pseudo-eosinophilic granular leukocyte which is rarely seen in the 
normal smear. 
. Lymphoblast with nucleoli. 
. Basophilic lymphocyte. 
. Large lymphocyte. 
. Small lymphocyte. 
. Reticulum cell. 


See text for discussion and differential counts. 
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PLATE 210 


Fic. 2. There is a diffuse granular leukocytic infiltration of the corium. Lym- 
phatics are dilated and cellular elements crowd these spaces. Time interval 
after antigen injection, 12 hours. Hematoxylin and eosin stain. X I00. 


. 3. High-power drawing of cell types seen at site of arrow in Figure 2. Capil- 
laries are dilated and pseudo-eosinophils (A) are numerous. A fair number 
of true eosinophils (C) and rare neutrophils (B) are present. No bacteria are 
seen. Hematoxylin and eosin stain. X 1000. 


Fic. 4. Low-power view of central zone of right cervical lymph node 24 hours after 
injection. Many areas of hyperemia (A) are seen and also dilated clear spaces 
(B) which appear to be lymphatic channels, some éf which contain lympho- 


cytes. Hematoxylin and eosin stain. X 100. 


. 5. High-power view illustrates cell types seen in right lymph node at 24 hours 
before lymphoblastic activity commences. Pseudo-eosinophils and eosinophils 
(A) appear in sinuses and a few large lymphocytes (B) are nearby. Some of 
the eosinophilic cells are disintegrating (C). Endothelial cells (D) and reticu- 
lum cells appear undisturbed. Small lymphocytes are scattered about. 
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THROMBOTIC (EMBOLIC) AORTIC OCCLUSION 
Irs OccuRRENCE AMONG MENTALLY SICK PATIENTS * 
Gerorce S. Strassmann, M.D. 
(From the Laboratory of the Metropolitan State Hospital, Waltham, Mass.) 


Occluding emboli and/or thrombi of the aorta are considered to be 
rare. In general hospitals they are found in about 0.12 per cent of all 
autopsies.’> In the autopsy material of mental hospitals small aortic 
thrombi are a common finding in elderly patients, and obliterating 
aortic thrombi are not rare. An explanation was sought for the high 
incidence of aortic thrombi among mentally sick patients. 


MATERIAL 


During a 4-year period, 382 autopsies were performed on psychotic 
patients. Aortic thrombi of varying size were found in 57 cases (18 
males and 39 females). Psychoses of all types were responsible for 
the admission of these patients to the institution, but senile and arterio- 
sclerotic psychoses occurred in 50 per cent of the cases. According 
to the size and the nature of the thrombi, the 57 cases were divided into 
three groups. The largest group (1) consisted of 37 cases with small 
adherent thrombi.t The smallest group (II) comprised 7 cases of 
aortic aneurysm, 6 of which were of arteriosclerotic origin and 
showed thrombi inside and outside the aneurysm. Group III consisted 
of 13 cases with large aortic thrombi which obliterated the lumen of 
the vessel. 

The fatal disease varied. Bronchopneumonia, pulmonary embolism, 
myocardial infarction, coronary arteriosclerosis and thrombosis, cere- 
bral thrombosis and hemorrhage, and severe enterocolitis were the 
main causes of death. Wasting diseases such as cancer or caseous 
tuberculosis were rare. The nutritional condition and the ages of the 
patients can be seen in Tables I and II. 


Group I 


Small adherent thrombi were found in the aortas of the 13 men and 
24 women comprising group I. Nutritional condition and age are 
shown in Tables I and II, respectively. The psychoses for which the 
patients had been treated were of different types (mental deficiency, 
schizophrenia, paranoid state), but arteriosclerotic psychoses were pre- 
dominant. The thrombi were found over or near atheromatous plaques 
and they were always situated in the abdominal aorta near the bifurca- 


* Received for publication, November 26, 1947. 
+ After conclusion of the study, ro more cases (5 men and 5 women in the age between 
65 and 96) showed small nonobliterating thrombi of the aorta. 
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tion. In 14 cases thrombi were found also in the descending thoracic 
aorta, and in 8 cases in the arch and the ascending aorta. None of 
these thrombi had occluded the lumen. The fatal disease varied; bron- 
chopneumonia was the most common cause of death. In addition to 
atheromatosis of the aorta, sclerosis of the heart valves, and arterio- 
sclerosis of the coronary, renal, and cerebral arteries were usually 
present. 
Group IT 

Aortic aneurysm was relatively rare in this material. Only one large 
syphilitic aneurysm of the ascending aorta was observed. This was 
found in a 57-year-old man, hospitalized for 30 years with a diagnosis 


Tasre I 
Distribution of Cases as to Nutritional State 
Total Poor Moderate Obese 
Total 57 28 12 17 
Group I 37 18 9 10 
Group ITI 7 4 2 I 
Group IIT 13 6 I 6 
Taste II 
Distribution of Cases According to Age 
31-40 41-50 51-60 61-70 71-80 81-90 Over 90 
years years years years years years years Total 
Total I 5 8 21 20 2 57 
Group I 2 4 15 15 I 37 
Group II I 3 2 I 7 
Group III I 2 4 3 3 13 


of dementia praecox, paranoid type. Arteriosclerotic aneurysms were 
seen in 6 female patients, 71 to 93 years old. Only one patient was 
obese and died suddenly from a rupture of a large fusiform aneurysm 
of the descending aorta. The other 5 patients were poorly or mod- 
erately nourished and had saccular aneurysms of the abdominal aorta. 
Adherent blood clots filled the aneurysm and were seen also in other 
parts of the aorta, over atheromatous plaques. One patient had a 
second aneurysm of the descending aorta. None of these saccular 
aneurysms had ruptured. All 6 female patients had been diagnosed 
as having arteriosclerotic or senile psychosis. In one there was cachexia 
due to carcinoma of the breast with metastases. 


Group III 
The third group of obliterating aortic thrombi consisted of 4 men 
and 9 women. It can be seen from Table I that poorly nourished and 
obese patients were equal in number. Only one patient was younger 


THROMBOTIC AORTIC OCCLUSION 1291 
than 50 years. She was a well nourished mentally deficient woman, 33 
years old. The cause of her aortic thrombosis was polycythemia. The 
same underlying pathologic condition was responsible for the throm- 
bosis found in 2 other women, 72 and 80 years old. In the 72-year-old 
woman the thrombi were situated in the arch of the aorta and had 
extended into the right innominate, subclavian, and carotid arteries, 
causing gangrene of the right arm. In the other 12 cases the thrombi 
were situated in the abdominal aorta and extended upward from the 
bifurcation over a varying area and downward into one or both iliac 
arteries and their branches. In 4 cases the orifice of one renal artery 
was more or less occluded by the thrombus, resulting in large infarcts 
and atrophy of the kidney. In one case the orifices of both mesenteric 
arteries were occluded and terminal intestinal gangrene was found. 
Total obliteration of one or both iliac arteries had caused gangrene of 
one or both legs shortly before death in 9 instances. The fresh oblit- 
erating thrombi were soft and dark. In 4 cases, long-standing thrombi, 
silent for an undetermined period, were found firmly attached to the 
aortic wall, appearing as mushy, grayish yellow clots. Microscopically, 
these thrombi were homogenously pale-staining with only a few cellu- 
lar elements in them. A fibrinoid layer separated them from the pro- 
liferated intima. There were a number of histiocytes with hemosiderin 
in the intima and numerous round-celled accumulations in the intima, 
media, and especially in the adventitia, indicating a reaction to throm- 
bosis. Patients with senile and arteriosclerotic psychoses, mental de- 
ficiencies, schizophrenias, and alcoholic psychoses were found in this 
group. 

From the presence of mural thrombi in the distended left auricles of 
2 women with chronic mitral valvulitis and mitral stenosis, it was con- 
cluded that the obstruction was primarily embolic, followed by second- 
ary thrombosis. One was a 55-year-old schizophrenic, the other a 68- 
year-old arteriosclerotic patient. An embolic origin appeared possible 
in 2 cases with coronary occlusion, myocardial infarction, and mural 
thrombi in the left ventricle and in one case with a distended left 
auricle containing mural thrombi, and with coronary and generalized 
arteriosclerosis. However, formation of the clot by thrombosis could not 
be excluded. In 8 other cases without mural thrombi in the heart, pri- 
mary thrombosis at the bifurcation was probable. Included are the 3 
cases of polycythemia in which an increased tendency to clotting ex- 
isted during life. In the remaining cases atheromatosis of the aorta 
and impairment of the blood flow by coronary sclerosis, myocardial 
infarction, or calcific valvulitis were the main reasons fur the formation 
of the thrombus. Ten of the 13 patients were over 60 years of age and 
showed arteriosclerotic heart disease and/or generalized arterioscle- 
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rosis. Atrophy of the organs was common, as is usual in elderly psy- 
chotic patients.’ Weight of the brain varied from 950 to 1050 gm.; of 
the spleen, from 50 to 100 gm.; of the liver, from 860 to 1050 gm.; and 
of one kidney, from 50 to 100 gm. The heart showed usually a mod- 
erate hypertrophy with an average weight of about 400 gm. In only 
a few cases, as in the patients with polycythemia or in very obese 
patients, was there encountered a brain weighing 1400 gm., a spleen 
weighing 250 gm., a kidney weighing 210 gm., a liver weighing 1880 
gm., or a heart weighing 600 gm. 

One of the cases was unusual because the silent thrombosis extended 
from the isthmus of the aorta to the bifurcation, occluding the left 
renal artery and extending into both iliac arteries. The patient, a 72- 
year old, well-nourished woman with an alcoholic psychosis, had been 
hospitalized for many years and had been treated for diabetes. Signs 
of the thrombosis developed only 2 days before death when the right 
iliac artery became wholly obstructed and gangrene of the right foot 
developed. Thrombosis of the left renal artery had resulted in total 
necrosis of that kidney with superimposed suppuration, but no evi- 
dences of renal damage had been observed during life. The gross and 
microscopic picture of the necrotic kidney was different from that of 
necrotizing papillitis observed in diabetic patients.*?° 


DISCUSSION 


It is estimated by most observers that aortic occlusions of embolic 
or thrombotic origin are found in only about o.12 per cent of all 
autopsies performed in general hospitals.‘*> Obliterating aortic thrombi 
have been observed at every age, even in infants." The diagnosis has 
often been made during life; recently several such cases have been re- 
ported,?** The thrombus has been removed by surgical approach suc- 
cessfully in a number of instances.’*° Popkins’ opinion *?* that aortic 
occlusions occur more often than is generally believed was confirmed 
by the autopsy material presented in this study. Some of the occlusions 
occurring in mentally sick patients were diagnosed before death; more 
were discovered incidentally at necropsy. It is believed that in the 
younger age group the obliteration of the aorta is more often of em- 
bolic origin, associated with mitral stenosis, auricular fibrillation, and 
mural thrombi in the left auricle.“* Only 2 cases of mitral stenosis 
were found in my material. Although 382 autopsies is a relatively 
small group from which to draw statistical conclusions, the fact re- 
mains that the percentage of aortic thrombi was much higher than has 
been reported by other observers. Small adherent thrombi over ath- 
eromatous ulcers of the aorta were a common finding in psychotic 
patients over 60 years of age, and were observed in nearly 15 per 
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cent of all autopsies (57 of 382 autopsies). Obliterating thrombi 
were found in 3.4 per cent of the autopsies (13 of 382 autopsies). 
Neither the type of psychosis, which varied to a large degree, nor the 
nutritional condition was an important factor. Emaciated and obese 
patients showed the same tendency to the formation of small mural 
or obliterating aortic thrombi. It may be that some of the patients 
were better nourished before the onset of their mental or physical 
disease, but a number of the emaciated patients had been hospitalized 
for a long period and no chronic wasting diseases were found to be 
responsible for the emaciation. Mental disturbances, the difficulty in 
feeding, the slowing of metabolism, and the generalized arteriosclerosis 
explained the poor nutritional state of the patients. The fatal terminal 
disease was too variable to account for the frequency of aortic thrombi. 
This frequency is probably due to the fact that 254 of 382 autopsies, 
or 66 per cent, were performed on patients over 60 years of age and 
that 160 of 382 autopsies, or 42 per cent, were performed on patients 
over 70 years of age, in whom more or less advanced atherosclerosis, 
especially in the abdominal aorta, was present. Elderly patients form 
a large proportion of the inmates of mental hospitals at the present 
time, and it is pro's2le that the number of these patients will increase 
with the ageing of the whole population. Although obliterating thrombi 
may remain silent for some time, it seems likely that some of the 
thrombi were found incidentally at necropsy only because the confused 
and mentally deteriorated patients did not complain before stormy 
symptoms and gangrene had developed. Many of these patients had 
been admitted to the hospital because of mental symptoms which were 
due to impairment of the cerebral circulation and to cerebral arterio- 
sclerosis. It is understandable that these patients often showed other 
vascular disturbances on the same basis, such as coronary disease, 
myocardial infarctions, calcific valvulitis, aortic atheromatosis, and 
aortic thrombi. 
SUMMARY 

Small aortic thrombi in atheromatosis of the aorta are frequent in 
mentally sick patients over 60 years of age. Thrombotic aortic occlu- 
sions among this special group are not as rare as would be concluded 
from the autopsy material of general hospitals. In the material utilized 
for this study, aortic thrombosis was found in 57 of a series of 382 
autopsies. In 13 cases the thrombus was obturating. The reason for 
the greater frequency in the mentally sick group is, apparently, the 
more advanced average age of this group. 


Since submitting this paper for publication, 6 more cases of aortic thrombosis 
have been observed. The patients were from 71 to gt years old and had signs of 
advanced sclerosis of the aorta, coronary arteries, and heart valves. In 2, gan- 
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grene of the legs, and in one, gangrene of the intestines, had developed shortly 
before death. In one instance the thrombus was situated at the isthmus. In the 
other 5 cases it was found at the bifurcation and extended into the iliac arteries. 
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Carotid body—Tumors of the . . (LeCompte: March) . : 
Cartilage—Histochemical studies on . . . and bone. (Follis and Ber- 


throng: May) ‘ 
Cellular changes in rabbits during antibody formation. I. Response to 
Eberthella typhosa. (Mc Neil: November) ‘ 
Chicken—The microscopic study of lymphoid tissue in the pancreas ‘and 
its relation to lymphomatosis in chickens. (Lucas and Oakberg: 


Choline—The effect of low protein and low. . . diets on the absorption 
of iron and copper. ( Hegsted, Kinney, and Cartaya: May) . 

Chondromyxoid fibroma of bone. (Lichenstein: May). 

Cicatrizing enteritis (regional ileitis) as a pathologic entity. ‘Analysis of 
one hundred and twenty cases. (Warren and Sommers: May) . 

Cirrhosis—See Liver. 

Clinical and pathologic effects of the nitrogen and sulfur mustards ir. 
laboratory animals. (Graef, Karnofsky, anu 
Smith: January) 

Coccidioidomycosis in animals with report of a new case in a dog. 
(Smith: January). . 

Coliphage—-Observations with improved electron. microscopic technics 
= the internal structure of Escherichia coli cells and the generation 

. (Hillier, Mudd, and Smith: May) . 

Colitis in the folic acid-deficient monkey with notes on similarities to 

ulcerative colitis in man. (Rinehart and Greenberg: May) 


Color and precipitation reactions with malignant tumors. (Weiss: May) 


Congenital alveolar dysplasia of the lungs. (MacMahon: July) ‘pag 

Congenital heart disease—The incidence of rheumatic heart disease in 
individuals with congenital malformations of the heart. (Durlacher 
and Beyer: May) . 

Copper—The effect of low protein and low choline diets on the ‘absorp- 
tion of iron and . . (Hegsted, Kinney, and Cartaya: May) . 
Cryptococcosis—Pathogenesis of cryptococcic (Torula) meningitis. 

(Terplan: May) . 

Cytologic changes in thymic glands exposed in vivo to x-rays. (Schrek: 
September) . 

Cytologic features of carcinomas as studied by direct smears. ( Haupt- 
mann: November) 

Cytologic studies with the phase microscope. I. The formation of 
“blisters” on cells in suspension (potocytosis), with observations on 
the nature of the cellular membrane. (Zollinger: May). . 

———IT. The mitochondria and other cytoplasmic constituents under 
various experimental conditions. (Zollinger: May) . 

——III. Alterations in the nuclei of “‘resting’”’ and dividing cells induced 
by means of fixatives, anisotonic solutions, acids, and alkali. (Zol- 
linger: July) . 

—IV. Morphologic changes associated with the death of cells in 
vitro and in vivo. (Zollinger: September) .. 

Cytoplasmic inclusion bodies in intestinal epithelium ‘of mice. Re- 
to diarrheal disease in and Cheever: 
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Diffuse interstitial myocarditis in children. (House: November) . . 1235 
Disseminated arteriolar and capillary platelet thromboses. — and 
Friedman: May) . . 703* 
Dog—Coccidioidomycosis i in animals with report of a new case ina. 
(Smith: January). . 223 
—Metastatic calcification produced in dogs by hypervitaminosis D 
and haliphagia. (Mulligan and Stricker: May) . 451 
Ductus arteriosus—The effect of patent... and of interauricular and 
interventricular septal defects on the development of pulmonary 
vascular lesions. (Welch and Kinney: July). . . - 729 


Dysplasia—Congenital alveolar . . . of the lungs. (MacMahon: July) 
Eberthella typhosa—Cellular changes in rabbits during antibody for- 


mation. I. Response to... .(Mc Neil: November) . 1271 
Effect of low protein and low choline diets on the absorption of iron and 
a copper. ( Hegsted, Kinney, and Cartaya: May) . . 722* 


Effect of patent ductus arteriosus and of interauricular and inter- 
ventricular septal defects on the development of pulmonary 


vascular lesions. (Welch and Kinney: July) . 720 
Effect of sulfathiazole upon experimental pyelonephritis in rabbits. 

(Fisher and Toplack: May) . . 720* 
Effects of alloxan upon function and structure of normal and neoplastic 

pancreatic islet cellsin man. (Conn and Hinerman:March) . . . 429 


Electron microscopy—Observations with improved electron microscopic 
technics on the internal structure of Escherichia coli cells and the 


generation of coliphage. ( Hillier, Mudd, and Smith:May) . . 715* 
Encephalitis—The pathology of herpes simplex ...1n man, with a re- 
port of three cases. (Haymaker: May) . . 912° 


Transfer of immunity to the virus of St. Louis... to suckling mice 
through the milk, demonstrated by foster nursing. (Smith and 


Geren: May). . 713° 
Endocarditis—True aneurysms of the mitral valve in subacute bacterial 
(Saphir and Leroy: January) . 
Endometriosis—Experimental . (Ravid: May) 726* 
Enhancement of metastasis of a mouse mammary carcinoma following 
roentgen irradiation. (Murphy and Kaplan: May). . . 673* 


Enlargement of the bronchial arteries and their anastomoses with the 
pulmonary arteries in chronic pulmonary disease. (Liebow, — 
and Lindskog: May) . . . 691* 
Epithelium-like inclusions in the heart. “(Rabson and Thill: May) . . 655 
Escherichia coli—Observations with improved electron microscopic 


technics on the internal structure of... cells and the generation of 

coliphage. ( Hillier, Mudd, and Smith: “May) . 715° 
Esophagus—Histologic features of carcinoma of the cardio ‘esophageal 

junction and cardia. (Mc Peak and Warren: September) . 


eT effects of estrogenic hormone in growing vitamin 
C-depleted guinea-pigs. (Silberberg and September) . 


Ewing’s tumor of bone. (Giffen: May) . . 687° 
Experimental argyrosis. IV. Morphologic changes i in the experimental 

Experimental endometriosis. (Ravid: May) & & 
Factors influencing collagen content in experimental cirrhosis. (Mor- 

rione: May) . 725* 
Factors influencing the pathogenesis of experimental ovarian tumors 

in rats. (Biskind, Pencharz, and Biskind: 678* 
Fallopian tube—Adenomatoid tumors of the. . . (Ragins ‘and Crane: 

July) + 933 
Fate of blood injected into the arterial media. (Wartman: May) . i? oo” Se” 


Femur—Pathologic changes found in curettings from the head of the... 
in 31 cases of osteochondritis deformans juvenilis (Legg-Calvé- 
Perthes’ disease). (Haylthorn: May)... . . . 684* 
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of secretin. (Baggenstoss, Power, ‘and Grindlay: May) 602* 
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Folic acid—Colitis i in the. . deficient monkey with notes on ‘similarities 
to ulcerative colitis in man. ( Rinehart and Greenberg: May) 710* 
ting meningococcic infections and the so-called Waterhouse- 
Friderichsen syndrome. (Ferguson and Chapman: July) . 763 
Gargoylism—The pathology of . . .. Report of a case and review of the 
literature. (Strauss: July) . 855 
Gastric cancer: morphologic factors i in five-year survival after gastrec- 
tomy. (Steiner, Maimon, a and Kirsner: September) . 947 
Gastritis—The topography of chronic... in otherwise normal stomachs. 
(Hebbel: May) . 721* 
Giant cells—Development and pathognomonic evaluation of « vin bone 
tumors and similar conditions. (Levy: May) . 723° 
Glomerulus—Structure of the .. . of the human kidney. (McManus: 
May, 725*; November) . 1259 
Granular cell ““myoblastomas” and " granular “cell neurofibromas: 
separation of neurogenovs tumors from the myoblastoma group. 
(Fust and Custer: May) . : 674* 
Granuloma—Persistent “insect bites” (dermal ‘eosinophilic granulomas) 
simulating lymphoblastomas, histiocytoses, and squamous cell 
carcinomas. (Allen: March) . 367 
Guinea-pig—Observations in guinea-pigs following injection of ‘specific 
hematopoietic substances derived from beef liver. (Meyer and 
Sawitsky: July) 835 
——Observations in guinea-pigs following injection ‘of specific hema- 
topoietic substances derived from urines of human leukemic subjects. 
(Sawitsky and Meyer: September) . 
——Skeletal effects of estrogenic hormone in growing vitamin C-de- 
pleted guinea-pigs. (Silberberg and Silberberg: September) . Io19 
Haliphagia—Metastatic calcification produced in dogs by avant 
vitaminosis D and... . (Mulligan and Stricker: May) . 451 
Heart—See also Endocarditis; Myocarditis. 
Cardiovascular lesions in acute seinen (Ludden and Ed- 
——FEpithelium- like inclusions in the . . (Rabson and Thill: May) . 655 
—— Myocardial lesions in poliomyelitis. (Dolgopol and Cragan: May) . 713 
Paracoccidioidal granulomatosis. Cardiac localization in a case of 
generalized form, (Cunha Motta: March) . 323 
——The effect of patent ductus arteriosus and of interauricular and 
interventricular septal defects on the development of pulmonary 
vascular lesions. (Welch and Kinney: July) . 729 
——The incidence of rheumatic . . . disease in individuals with con- 
genital malformations of the . and Beyer: May) 705* 
—— Unexpected death in children with rheumatic . . . disease. ( Hamil- 
ton, Tanner, Pebley, and Voorhees: May) . 707° 
Hematopoiesis—Hype rsplenic extracts. An evaluation of their effects 
on the hematopoietic organs of mice. (Platt: May) . 702° 
Hematopoietic substances—Observations in guinea-pigs following in- 
jection of specific... derived from beef liver. (Meyer and — 
——Observations in guinea- pigs following injection of specific . .. de- 
rived from urines of human leukemic subjects. (Sawitsky and 
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Hemoglobinuria—Studies on the pathogenesis of experimental hemo- 
globinuric nephrosis in rabbits with special reference to the late 
manifestations. (Lalich: May) . 

Hemoglobinuria (blackwater fever) in the monkey with a consideration 
of the disease in man. (Rigdon: May) . 

Hemorrhage—The fate of blood injected into the arterial media. 
(Wartman: May). . 

Hemosiderosis—The production ‘of . .. of the liver in the rat by dietary 
means. ( Kinney, Hegsted, and Finch: May) . 

Hemostasis—Platelet thrombosis in human... :a histologic study of 
skin wounds in normal und in purpuric individuals. (Zucker: May) 

Hepatic and renal injury with calcium deposits and cirrhosis produced 
in rats by pyridine. (Baxter: May) 


Herpes simplex—The pathology of . . encephalitis it in man, with a re- 


port of three cases. ( Haymaker: May) . 

Herxheimer reaction— Morphologic changes i in syphilitic lesions during 
the... . (Sheldon and Heyman: May) 

Heterotopic bone formation in the skin. (Stowell: May) . 

Hibernoma. Report of case. (Brines and Johnson: May). . 

Hilus cells—Virilizing hilus cell tumors of the human ovary “with a 
review of ovarian ... and evidence of their androgenic function. 
(Sternberg: May). . 

studies on cartilage ‘and bone. (Follis and Berthrong: 
May 

Histogenesis cf myositis ossificans. (J ohnson: M ay) . 

Histologic and chemical study of necrosis of skeletal muscle in acute 
ischemia. ( Harman and Gwinn: May) . 

Histologic changes in rickettsialpox. (Dolgopol: January) . ; 

Histologic features of carcinoma of the cardio-esophageal junction ‘and 
cardia. (McPeak and Warren: September) . 

Histologic lesions encountered in segmental enteritis. (Rappaport, 
Burgoyne, and Smeiana: May) . 

Histologic studies on a ‘oie tumor of the adrenal cortex. (Weber 
and Menten: March) . 

Histopathologic observations in cases of “Hodgkin’s disease treated 
with nitrogen mustard. (Cornell and Blauw: May) . 

Hodgkin’s disease—A study of the behavior in tissue culture of lymph 


nodes from... . (Rottino, Worken, and Hollender: May). . . 
—Histopathologic observations in cases of . . . treated with nitrogen 
mustard. (Cornell and Blauw: May) . 


Hodgkin’s granuloma involving bone. ( Hazard: May) . ; 

Hyperglobulinemia, periarterial fibrosis of the spleen, and the wire 
loop lesion in disseminated lupus erythematosus in relation to 
allergic pathogenesis. (Teilum: March) . 

Hypersensitivity—Studies on periarteritis nodosa. III. The differentia- 
tion between the vascular lesions of periarteritis nodosa and of 

(Zeek, Smith, and Weeter: July). . 

Hypersplenic extracts. An evaluation of their effects on the hema- 
topoietic organs of mice. (Platt; May). . 

ee of cerebral capillaries in the ‘early stage of 
arterial . (Scheinker: January) 

——Lesions in elastic arteries associated with . (Ashworth "and 

Haynes: January) . 

Vascular proliferations, with features of arteriovenous anastomoses, 

in the sympathetic chain of hypertensive patients. (Latles: 


Incidence of rheumatic heart disease in individuals with congenital 
malformations of the heart. (Durlacher and Beyer: May) . 

Inclusion bodies—Cytoplasmic . . in intestinal epithelium of mice. 
Relation to diarrheal disease in — (Pappenheimer and 
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‘Insect bites”—Persistent ... (dermal eosinophilic granulomas) simu- 
lating lymphoblastomas, histiocytoses, and squamous cell car- 
cinomas. (Allen: March). . 

Intestine—Cicatrizing enteritis (regional ileitis) as a pathologic entity. 
— of one hundred and twenty cases. (Warren and Sommers: 
May) . 

—Cytoplasmic inclusion bodies in intestinal “epithelium of mice. 
Relation to diarrheal disease in sucklings. (Pappenheimer and 
Cheever: May). . . 

——Histologic lesions encountered in segmental enteritis. (Rappaport, 
Burgoyne, and Smetana: May) . 

Iron—The effect of low protein and low choline diets on the absorption 
of ... and copper. ( Hegsted, Kinney, and Cartaya: May) . 
Irradiation—Cytologic changes in thymic — exposed in vivo to 
x-rays. (Schrek: September) 
Enhancement of metastasis of a mouse mammary "carcinoma 

following roentgen... . (Murphyand Kaplan: May) . 

Ischemia—A histologic | and chemical study of necrosis of skeletal 


muscle in acute... . ( Harman and Gwinn: May) . 
Ischemic necrosis—The ‘significance of local vascular phenomena i in the 
production of ... in skeletal muscle. (Harman: May) 


islet cell adenoma—Effects of alloxan upon function and structure of 
normal and neoplastic pancreatic islet cells in man. (Conn and 
Hinerman: March) 


Kidney—Hepatic and renal injury with calcium deposits and cirrhosis 
produced in rats by pyridine. (Baxter: May) . 
——Hyperglobulinemia, periarterial fibrosis of the spleen, and the wire 
loop lesion in disseminated lupus erythematosus in relation to 
allergic pathogenesis. (Teilum: March) i ‘ 
——Sex difference in the alkaline phosphatase distribution in the... of 
the mouse. (Dunn: May) . x 
Structure of the ple of the human . . (McMa anus: May, 
725*; November) . 
——Studies on the pathogenesis | of experimental hemoglobinuric 
nephrosis in rabbits with special reference to the late manifestations. 
The periodic acid routine applied to the. . (McManus: May) 


Legg-Calvé-Perthes’ disease—Pathologic changes found in curettings 
from the — of the femur in 31 cases of osteochondritis deformans 
juvenilis (. . .(Haythorn: May). . 

Lesions in uals arteries associated with hypertension. "(Ashworth 
and Haynes: January) 

Lesions . schistosomiasis japonica. ( Bracken, Bailey, and Thomas: 
May) . 

Leukemia—Observations in guinea- pigs following injection of ‘specific 
hematopoietic substances derived from beef liver. (Meyer and 
Sawitsky: July) ... 

——Observations in guinea- pigs following injection ‘of specific hema- 
topoietic substances derived from urines of human leukemic sub- 
jects. (Sawitsky and Meyer: September) . 

Lipodystrophy intestinalis (Whipple’s disease). (Black- -Schaffer, Hen- 
drix, and Handler: May) . ‘ 

Lipogranuloma—Sclerosing . . (Smetana and Bernhard: May) . 

Lipoprotein—Plasma cell myeloma associated with high concentration 
of plasma... . ( Hill, Mulligan, and Dunlop: May) . 

Liver—Biliary xanthomatosis (xanthomatous (Mac- 

Mahon: May) 

——Factors influencing collagen content in experimental cirrhosis. 
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Hepatic and renal injury with calcium deposits and cirrhosis pro- 

duced in rats by pyridine. (Baxter: May) . 

——Observations in guinea-pigs following injection of specific hemato- 
sm substances derived from beef . (Meyer and eeitiedl 
July) . 

—The blood and bone marrow in patients with cirrhosis of the KG GMs 
(Berman and Axelrod: May). 

——The production of hemosiderosis of the . . . in the rat ‘by dietary 
means. ( Kinney, Hegsted, and Finch: May) . : 

Lung—Congenital alveolar dysplasia of the lungs. ‘(MacM chon: July) . 

——Enlargement of the bronchial arteries and their anastomoses with 
the pulmonary arteries in chronic pulmonary disease. eniatee 
Hales, and Lindskog: May) . . 

—Mucormycosis, with report ‘of acute mycotic pneumonia. "(Baker 

and Severance: May) . 

Production of unilateral ulcerative pulmonary phthisis by quantita- 

tive natural airborne contagion. (Lurie and Abramson: May) . 

——Pulmonary adenomatosis. A report of three cases. (Drymalski, 
Thompson, and Sweany: September) . 

——The effect of patent ductus arteriosus and of interauricular and 
interventricular septal defects on the development of pulmonary 
vascular lesions. (Welch and Kinney: July) . 

——The pneumonitis and granulomatosis peculiar to beryllium workers. 
(Dutra: November) . . 

——The pulmonary manifestations of scleroderma: an. anatomic- 

physiologic correlation. (Spain and Thomas: May). . 

Tuberculosis in rabbits induced by droplet nuclei infection: re- 

rh to initial infection and to reinfection. (Ratcliffe and Wells: 

Ma 

Lupus erythematosus—Hyperglobulinemia, periarterial fibrosis of the 
spleen, and the wire loop lesion in disseminated . . . in relation to 
allergic pathogenesis. (Teilum: March). . 

Lymph nodes—A study of the behavior in tissue culture of . . . from 
Hodgkin's disease. ( Rottino, Worken, and Hollender: May) . 

Lymphomatosis—The microscopic study of lymphoid tissue in the pan- 
creas and its relation to. . .in chickens. (Lucas and Oukberg: May). 

Lymphosarcoma—Unusual changes in... under nitrogen mustard 


Malaria—Hemoglobinuria (blackwater fever) in the monkey with a 
consideration of the disease in man. (Rigdon: May). . . . . 

——Pathology of rupture of the spleen in acute vivax... . (Lubits: 

Malleomyces pseudomallei— Melioidosis. Report of second case from 
the western hemisphere, with bacteriologic studies on both cases. 
(Beamer, Varney, Brown, Mc Dowell, and Eck: May) . aes 

Mammary gland—Enhancement of metastasis of a mouse mammary 
carcinoma following roentgen irradiation. (Murphy and Kaplan: 
May) . 

——dObscure axillary lymph node metastasis in carcinoma of the breast. 
(Saphir and Amromin: May) . . . 

Mandible—Fibrous dysplasia of the... and maxilla. (Crane and 

Maxilla—Fibrous dysplasia of the mandible and... . (Crane and 

Melanoblastoma—Pigmented nevus: factors of ‘age and anatomical 
site. (Lund and Stobbe: May). . 

Melanomas of childhood. (Spitz: May) , 

Melioidosis. Report of second case from the western hemisphere, with 
bacteriologic studies on both cases. (Beamer, Varney, Brown, 
McDowell, and Eck: May) . . . « « 
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Meningitis—Pathogenesis of cryptococcic (Torula) ... . (Terplan: May) 

Meningococcemia—Fulminating meningococcic infections and the 
man: July 

Metastasis—Enhancement of ... of a mouse mammary " carcinoma 
following roentgen irradiation. (Murphy and Kaplan: May). . 

—— (Obscure axillary lymph node ... in carcinoma of the breast. 
(Saphir and Amromin: May) . 

Metastatic calcification produced in dogs b hypervitaminosis D and 
haliphagia. (Mulligan and Stricker: May) . 

Microscopic study of lymphoid tissue in the pancreas and its relation to 
lymphomatosis in chickens. (Lucas and Oakberg: May) . 

Mitochondria—Cytologic studies with the phase microscope. II. The 

. and other cytoplasmic constituents under various experimental 

Monkey—Colitis in the folic acid- deficient . . . with notes on similarities 
to ulcerative colitis in man. (Rinehart and Greenberg: May) . . . 

——Hemoglobinuria (blackwater fever) in the... with a consideration 
of the disease in man. (Rigdon: May) . 


Morphologic changes in syphilitic lesions during the Herxheimer Te 


action. (Sheldon and Heyman: May) : 

Motor end-plates—Studies on ameboid motion and secretion of . 

X. Effects of slow nervous action of disuse on the structure of 
nerve endings, neurosomes, and muscle fibers. (Carey, Haushalter, 
Massopust, Garofalo, Lynch, Tabat, and Socoloff: January). . . 

Mouse—Cytoplasmic inclusion bodies in intestinal epithelium of mice. 

Relation to diarrheal disease in and 

Cheever: May). . . 2 

Enhancement of metastasis of a. . mammary carcinoma following 

roentgen irradiation. (Murphy and Kaplan: May) . . 

——Hypersplenic extracts. An evaluation of their effects on the hemato- 
poietic organs of mice. (Platt: May) . 

Sex differences in the alkaline phosphatase distribution in the ‘kid- 

ney of the... . (Dunn: May) . 

——Transfer of immunity to the virus of St. Louis encephalitis to 
suckling mice through the milk, demonstrated vad foster nursing. 
(Smith andGeren: May) . . 

Mucormycosis, with report of acute mycotic Pneumonia, (Baker and 
Severance: May) . 

Muscle—A histologic and chemical study of necrosis ‘of skeletal . 
acute ischemia. ( Harman and Gwinn: May). . 

——Histogenesis of myositis ossificans. (Johnson: May) . 

The significance of local vascular phenomena in the production of 

ischemic necrosis in skeletal . (Harman: May) . . 

Mycobacterium tuberculosis—Serologic reactions of patients with 
sarcoidosis to antigens cf... . (Carnes and Raffel: May) . 

Mycobacterium tuberculosis, type avium—Pathogenicity studies of 
tubercle bacilli, type avium, from a human infection. aati 
Hutchinson, Schwarting, and Karlson: May) 

Myoblastoma—Granular cell ‘“‘myoblastomas” and granular cal neuro- 
fibromas: separation of neurogenous tumors from the . re 
(Fust and Custer: May) : 

Myocardial lesions in poliomyelitis. “(Dolgopol and Cragan: May) . 

Myocarditis—Diffuse interstitial . . .in children. ( House: November) 

—Virus ... . Pathologic and aaeneaniein studies. (Schmidt: 
January) 

Myositis ossificans—Histogenesis (J ohnson: May) . 


Necrosis—A histologic and chemical study of ... of ae muscle in 
acute ischemia. (Harman and Gwinn: May) . 


— 
1305 
763 
673* 
726* 
451 
699* 
569 7 
710* 
727* é 
135 
718* 
673* 
702* 
719* 
713* 
716* 
720* 
681* 
625 
697* 
696* 
674* 
713* 
1235 
97 
681* 


1306 INDEX OF SUBJECTS 


——Cytologic studies with the phase microscope. IV. Morphologic 
changes associated with the death of cells in vitro and in vivo. 
(Zollinger: September) 

——The significance of local vascular phenomena i in the production of 
ischemic. ..in skeletal muscle. (Harman: May) . ‘ 

Neoplasm—See also under anatomical location concerned. 

Color and precipitation reactions with malignant tumors. (Weiss: 

May) 

Nephrosis—Studies on the pathogenesis ‘of experimental hemoglobinuric 

.. in rabbits with special reference to the late manifestations. 

Neurofibroma—Granular cell ‘ ‘myoblastomas” and granular cell neuro- 
fibromas: separation of neurogenous tumors from the myoblastoma 
group. (Fustand Custer: May) . . 

Neurofibromatosis and its relationship to certain diseases of bone. 
( Aegerter: 

Nevus—Pigmented . .: factors of age and anatomical site. (Lund and 
Stobbe: May) . 

Nitrogen mustard—Histopathologic ‘observations in cases of Hodgkin’ ¢ 

disease treated with. . (Cornell and Blauw: May) . 

Studies on the mechanism of action of the nitrogen ‘and sulfur 

mustards in vivo. ( Karnofsky, Graef, and Smith: March) : 

——The clinical and pathologic effects of the nitrogen and sulfur 

mustards in laboratory animals. (Graef, Karnofsky, Jager, Kir- 

chesky, and Smith: January). . 

Unusual changes in lymphosarcoma under .. . therapy. ( Hunter: 

May) 

Nuclear ‘alterations—Cytologic studies with the phase microscope. ‘TI. 
Alterations in the nuclei of “resting” and dividing cells induced 
by means of fixatives, anisotonic a acids, and alkali. 


Obscure axillary lymph node metastasis in carcinoma of the breast. 
(Saphir and Amromin: May) : 

Observations in guinea-pigs following injection of. specific hemato- 
poietic substances derived from beef liver. (Meyer and Sawitsky: 

uly) . 

ao... in guinea-pigs following injection of specific hemato- 
poietic substances derived from urines of human leukemic subjects. 
(Sawilsky and Meyer: September) .. 

Observations with improved electron microscopic technics on the in- 
ternal structure of Escherichia coli cells and the generation of coli- 
phage. ( Hillier, Mudd, and Smith: May) . . 

Osteochondritis deformans juvenilis—Pathologic changes | found in 


curettings from the head of the femur in 31 cases of ... (Legg- 
Calvé-Perthes’ disease). a May) . 

Osteomyelitis—Brucellotic . . . of the spinal column in man. (Lowbeer: 
May) 


Ovary—Factors influencing the ‘pathogenesis ‘of experimental ovarian 
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